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PBEFACE. 



Ths School Committee of the city of Boston having recently fanuefaed 
the Grammar Schools with apparatus for exemplifying the principles of 
Natural Philosophy; the author of this work, who, for twenty years, has been 
at the head of one of these large establishments, and has felt the want of 
an elementary treatise unencumbered with extraneous matter, has been 
induced to attempt to supply the deficiency. If he b not deceived in tho 
result of his labors, the work will conunend itself to notice by the f<dIow- 
ing features : 

1. It is adapted to the present state of natural science ; embraces a 
wider field, and contains a greater amount of information on the reqiectivo 
subjects of which it treats, than any other elementary treatise of its aze. 

2. It contains engravings of the Boston School set of phUosophicaL 
apparatus ; a description of the instruments, and an account of many ex- 
periments which can be performed by means of the apparatus. 

3. It is enriched by a representation and a description of the Locomo^ 
tive and the Stationary Steam Engines, in their latest and most approved 
fonps. 

4. Besides embracmg a copious account of the principles of Electricity 
and Magnetism, its value is enhanced by the introduction of the science 
of Pyronomics, together with the new sciences Electro-Magnetism and 
Magneto-Electricity. 

5. It is peculiarly adapted to the convenience of study and of recitation, 
by the figures and diagrams being first placed side by side with the Ilhw- 
tratious, and then repeated ou separate leaves at the end of the volume. 
The number is also given, where each principle may be found, to which 
allusion is made throughout the volume. 

6. It presents the most important principles of science in a larger type ; 
whUe the deductions from these principles, and the iUustrations, are con- 
tained in a smaller letter Much useful and interesting matter is als 
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crowded into notes at the bottom of the page. By this arrangement, the 
pupil can never be at a loss to distinguish the parts of a lesson which are 
of primary importance ; nor will he be in danger of mistaking theory and 
conjecture for fact 

7. It contains a number of original illustrations, which the author has 
found more intelligible to young students, than those with which he has 
met elsewhere. 

8. Nothmg has been omitted which is usually contained in an elemen- 
tary treatise. 

A work of this kind, from its very nature, admits but little origrinality. 
The whole circle of the sciences consists of principles deduced from the 
discoveries of different individuals, in different ages, thrown into conunon 
■took. The whole, then, is common property, and bolcmgs exclusively to 
no one. The merit, therefore, of an elementary treatise on natural science 
must rest solely on the judiciousness of its selections. In many of the 
works from which extracts have been taken for this volume, the author has 
found the same language and expressions without the usual marks of quo- 
tation. Being at a loss, tlierefore, whom to credit for some of the expres- 
sions which he has borrowed, he subjoins a list of the works to which he 
is indebted, with this general acknowledgment ; in the hope that it may 
be said of him as it was once said of the Mautuan Bard, that " he has 
adorned his thefts, and polished the diamonds which he has stolen.'* 

It remains to be stated, that the Questions at the bottom of the page, 
throughout the volume, were not written by the author, but were prepared 
by another hand 

R. G P 

Boston, March, 1848. 



ADVERTISEMENT 

TO THE SEVENTEENTH EDITION 



Ten years have elapsed since this work first appeared 
in permanent form from the hands of the stereotyper. 
During this time, the author has been gratified to learn 
that sixteen editions have been called for by the pub- 
lic ; but this gratification has been mingled with re- 
gret that he has been unable from time to time to make 
such improvements as he knew were needed, and which 
the progress of science, as well as a more extended ex- 
perience, seemed imperiously to demand. He gladly 
avails himself of the present opportunity, afforded by 
the new publishers into whose hands it has fallen, to 
make such improvements as in his opinion will render 
it more worthy of the liberal patronage it has received ; 
for although it is a long time since the author has had 
any pecuniary interest in the work, he hopes that it is 
not true that he has had " no further solicitude." 

The necessity of a revision of the work at this time 
will appear from the following statement. By a vote 
of the School Committee of Boston in 1836, a certain 
portion of philosophical apparatus was introduced into 
the Grammar Schools, as an experiment. The appara- 
tus was designed to unite economy with simplicity, and 
was confined to the departments of Pneumatics and 
Electricity. To this apparatus the book was specially 
adapted, though not wholly confined. By a recent vote 
of the Committee, (August, 1847,) apparatus of superiot 
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construction, and embracing a much wider field, was 
iiub«titnted for the cheap and defective sets that were at 
Rrni introduced. It becomes necessary, therefore, in a 
vohime prepared with special reference to the wants of 
tho Boston schools, to have regard to the construction 
and tho character of tho instruments by which the prin- 
ciples of physical science are illustrated in these large 
establishments ; the author has therefore deemed it ex- 
pedient to make such a revision of the whole work, as 
will not only render it a convenient manual to accom- 
pany tho now apparatus, but also embrace the recent 
improvements and discoveries by which the branches of 
•cienco of which it treats have been enriched. A sched- 
ule of tho new apparatus is subjoined ; and the author 
indulges the expectation that the present edition of this 
work will be found more worthy than its predecessors 
of tho favor which the public have bestowed upon it. 

PuDifAMf October, 1847. ^ 
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Apparatus for illustrating Inertia. 

Pair of Lead Hemispheres, for Cohesion. 

Fair of Glass Plates, for Capillary Attraction. 

LAWS OF MOTION. 

Ivory Balls on Stand for Collision. 
Set of eight Illustrations for Centre of Gravity 
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Apparatus for illustrating Central Forces. 
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♦ The cost of this apparatus is about two hundred and sixty doU^-^^^JM 
made by Mr. Joseph M. Wightman, No. 33 ComhiU, Boston, fttia 
degree unites beauty with durability. 
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lUTEODUCTlOK- 



The tenn PlxiloBopbT literaDj Bonifies, ihe love of w'a d vm ; 
but, as a general tenn it is used to denoie as explamoioi] of die 
reason of tfaixi^ or an i nves ti g ati on of tbe causes of al plifr- 
nomena, both of nmid and of matt^. 

When applied to anj pamcnlar depanmenl of knoirl&dge, 
the word PUkKophj implia the coBeciion of genera] lawh or 
prindpleSy under which the subordioate facte or phenomena 
relating to that subject are comprehended. ThuL, that branch 
of Philosophy which treats of God, his attribulee and perfec- 
tions, is called Theology ;* that which tresLts of the naateriaJ 
world is called Fhyacs, or Natural PhJosophy ; that which 
treats of man as a rational being, is called Ethics, or M^ral 
Philosophy ; and that which treats of the znlnd is called In- 
tellectual Philosophy, or Metaphysics.* 

* The word TTiedogy is dezired from two Greek irozxk, the former 
of which (9€0f) ngnifies God« and the l&Uer (Xgyt) means a disccnirsie ; 
and these two words combiDed in the tenn Theology, literally '\m\A^ 
a discouise about God. The latter of these two Greek words (X«>^»( 
or logos) is changed into logy to form Englidi c<Hnpoands, and it entert 
into Ae compoRtion of many scientific terms. Thns, we have the words 
mineraZo^, the science of minerals; meteoro//>rry» the science whicK 
treats of meteors ; ichthyo^ag^, the science of fi^^es ; entomo/ojry» th^^ 
science of insecta; litho^^y, of stones; concholo^y, of shells, ^^' ^ 

t The word Metaphysics is composed of two Groe|c word''^^ j^ ^^rwl^ 
^«r«,) which signifies beyond, and phosis, (or 0«»«ris,) which *'''^"*^^, *>«Nw* 
and m composition these words imply something beyond »'* \\ 



10 INTRODUCTION. 

The terms, art and science, have not always been employed 
with proper discrimination. In general, an art is that which 
depends on practice or performance, while science is the ex- 
amination of general laws, or of abstract and speculative prin- 
ciples. The theory of music is a science ; the practice of it is 
an art. 

Science differs from art in the same manner that knowl- 
edge differs from skill. An artist may enchant us with his skill, 
although he is ignorant of all scientific principles. A man of 
science may excite our admiration by the extent of his knowl- 
edge, though he have not the least skill to perform any opera- 
tion of art. When we speak of the mechanic arts, we mean 
the practice of those vocations in which tools, instruments, and 
machinery are employed. But the science of mechanics ex- 
plains the principles on which tools and machines are construct- 
ed, and the effects which they produce. Science, therefore, 
may be defined, a collection and proper arrangement of the 
general principles or leading truths relating to any subject; 
and there is this connection between art and science, namely—- 
"A principle in science is a rule of art." 



NATURAL PHILOSOPHY 



CHAPTER L 



DIVISIONS OF THE SUBJECT. 



1. Natural Philosophy is the science which treats 
of the powers and properties of natural bodies, their 
mutual action on one another, and the laws and opera- 
tions of the material world. 

2. Some of the principal branches of Natural Philos- 
ophy are, Mechanics, Pneumatics, Hydrostatics, Hy- 
draulics, Acoustics, Pyronomics, Optics, Astronomy, 
Electricity, Galvanism,* Magnetism, Electro-Magnetism, 
and Magneto-Electricity. 

1. Mechanics is that branch of Natural Philosophy which 
relates to motion and the moving powers, their nature and 
laws, with their effects in macliines, &c. 

2. Pneumatics treats of the nature, properties, and effects 
of air. 

• It may perhaps bo qaestioned whether the subjects of Galvanism, 
Electro-Magnetism, and Magneto-Electricity, do not more properly fall 
within the province of Chemistry, as they describe effects dependent on 
chemical action. As this volume is designed for the diffusion of useful 
information, a strict adherence to rigid classification has not been deemed 
80 important, as to exclude the notice of subjects so intimately connected 
with one of the most interesting branches of Natural Philosophy. 



1. What is Natural Philosoiihy? What • 

2. What are the principal branches of Natural Philosophy i » 
Mechanics ? Of what does Pneumatics treat ? 
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3. Hydrostatics treats of the nature, gravi^, and pressue 
of fluids. 

4. llydn\ulios treats of the motion of fluids, particularly of 
wntor: and the constniciion of all kinds of instruments and 
mnchinos for movinij them. 

5. Acousiios tiwits of the nature and laws of soimd. 

Kk Tyrimonuos trv^;4is of heat, the laws by which it is gov- 
erned, and the etfeets which it produces, 

7. Optics tJxvus of light, of color, and of vision, or sight. 

8. Astronomy trvats of the heavenly bodies, such as the sun, 
moi^n. sijirs, comets, planets, itc. 

9. Elivtricity tn^ats of thunder and lightning, and the causes 
by which they'jirv produced, both naturally and artificiaJlj. 

* 10. Oalvanism is a branch of Electricity. 

U. Magnetism treats of the properties and effects of the 
magnet, or li\:\dstone. 

ri. Electro- Magnetism tn^ats of Magnetism induced by 
EKvtrioity. 

1,1. Magneto-Electricity treats of Electricity induced by 
Magnetism. 



CHAPTER n. 

OF MATTER* AXD ITS PROPERTIES. 

8. Matter is the general name of every thing that 
occMipios space, or has figure, form, or extension. 

* T)in anrif^nt philoM>ph<*ra impponed that all material sabstances were 
eompOM^d of Fir^i Air, Rarth» and Water, and these four substances were 
called the four elements, because they were supposed to be the simplo 
mbMtnnces of which all things were composed. Modem science has 
proved that not one of these is a simple substance, but that there are at 
lenflt fifty-five simple substances, thirty-two of which are metallic and 
twenty-four non-metallio. The consideration of those substances which 
enter into the composition of all matter, in whatever form, belongs to 



Of what does Hydrostatics treat? Hydraulics? Acoustics? Pyronomics? 
Optics? Astronomy? Electricity? Of what is Galvanism a branch? 
Of what do Magnetism treat? Electro-Magnetism? Magneto-Elec- 
tricity? 

8. What is' .flatter? 



MATTER AND ITS PROPERTIES. 10 

4. There are seven essential properties belonging to 
all matter, namely : 1 . Impenetrability, 2. Extension, 
3. Figure, 4. Divisibility, 5. Indestructibility, 6. Inertia, 
and 7. Attraction. 

1. These are called essential properties, because no particle 
<^ matter can be deprived of them, or exist without them. 

2. There are certain other properties existing in different 
bodies, called accidental properties, because they do not ne- 
cessarily exist in the bodies themselves, but depend upon theii 
connection with other bodies. Thus, color and weight are ao ' 
cidental properties, because they do not necessarily exist in th« 
bodies that possess them, but depend upon their connection 
with other things. 

3. There are also certain terms used to express the state in 
which matter exists, such as Porosity, Density, Rarity, Com- 
pressibility, Expansibility, Mobility, Elasticity, Brittleness, Mal- 
leability, Ductility, and Tenacity. 

6. Impenetrability is the power of occupying a cei 
tain space, so that where one body is, another cannot 
be, without displacing it. 

1. Impenetrability belongs to fluids as well as solid bodies. 
The reason why fluids appear less impenetrable than solid 
bodies, is, that the particles of which they are composed move 

the science of Chemistry. Bodies which consist of one simple substance 
are called homogeneotu, while those which consist of two or more sim- 
ple substances are called heterogeneous. Thus, water is a heterogeneous 
substance, being composed of two simple or homogeneous aeriform fluids, 
called Hydrogen and Oxygon. An aeriform fluid is a fluid in the form of 
air. When the particles of which matter is composed is mentioned, it is 
to be understood that the smallest imaginable portion is meant, not of the 
homogeneous substances of which it may be composed, but of the matter 
itrelf, whether homogeneous or heterogeneous. 

4. How many essential properties of matter are there ? ^Vhat are they ? 
Why are they called essential properties? What other properties exist in 
different bodies ? Why are they called accidental properties ? Are color 
and weight essential or accidental properties? Why? What terms are 
used in Philosophy to express the state in which matter exists ? 

5. What is meant by Impenetrability ? Does impenetrability belong to 
fluids ? Why do fluids appear less impenetrable than solid bodies ? What 
n supposed to be the form of the particles of fluids? 
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easily among themselves, on account of their slight degree ci 
cohesion.* 

2. Put some water into a tube closed at one end ; and then 
insert a piece of wood that fits closely the inside of the tube. 
It will be impossible to force the wood to the bottom of 
the tube, unless the water be first removed. The same ex- 
periment may be made with air instead of water ; and proves 
that water, air, and all other fluids are equally sohd, or im- 
penetrable, with the hardest bodies. 

3. The impenetrability of water was shown by an expai- 
ment made at Florence many years ago. A hollow globe of 
gold was filled with water, and submitted to great pressure. 
The water was seen to exude through the pores of the gold, 
and covered it with a fine dew. 

4. When an open vial, not inverted, is plunged into a basin 
of water, the air will rush out in bubbles, to make room for 
the water ; and if an inverted tumbler or goblet be immersed 
in water, the water will not lise far in the tumbler unless it be 
inclined so that the air can escape. These are further proofs 
of the impenetrability of air. 

6. When a nail is driven into wood, or any other substance, 
it forces the particles asimder, and makes its way between 
them ; and the wood is not increased in size by the addition 
of the nail, because wood is a porous substance, the particles 
of which may be compressed, and thus make way for the 
nail. 

* It is a well-known fact, that a certain quantity of salt, the particles 
of which are supposed to he smaller than those of water, can be put into 
a vessel full of water, without causing it to overflow ; and as the particles 
of which sugar is composed are smaller than those of salt, a portion of 
sugar may be added after the fluid is saturated with salt. This may be 
accounted for by supposing that the particles of fluids 
are round, and therefore touch one another only in a ^^S- 1. 

few points. There will be spaces between the parti- 
cles in the same manner that there are between large 
balls which are piled on one another. Between these 
spaces other smaller balls may be placed ; and these 
smaller balls, having spaces between them, will ad- 
mit others still smaller, as may be seen in Fig. 1. 




What follows from this? What figure illustrates this ? What example 
can you give to prove the impenetrability of water? What of the air? 
What of solids? 
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6. Extension is but another name tor bulk, or size ; 
and it is expressed by the terms length, breadth^ width, 
height, depth, and thickness.* 

7. Figure is the form or shape of a body. Two cir- 
cles or two balls may be of the same shape or figure, 
while thev differ in extension. The limits of extension 
constitute figure. 

8. Divisibility is susceptibility of being divided. To 
the divisibility of matter there is no known limit. 

1. A single grain of gold may be hammered by a c^^ld- 
beater until it will cover fifty square inches ; each .square inch 
may be divided into two hnndred snips ; and each strip into 
two hundred parts. One of these parts is only <mM tteo-^nil- 
liontk part of a grain of gold, and yet it may be seen with the 
naked eye. 

2. The particles which escape from odoriferous objects also 
afford instances of extreme divisibilitv. 

9. By the Indestructibility of matter is meant that it 
cannot be destroyed. It may be indefinitely divided, 
or altered in its form, color, and accidental properties, 
but it must still continue to exist in some form througii 
all its changes of external appearance. 

1. When water disappears, either by boiling over a fire, or 



• Length is the extent bom. end to end. Bmdth or width m the 
tent from aide to nde. Hei^t, depth, or thicknea, m the extent tem the 
top to the hottom. The meaanie of a body firom the bottem to the top m 
called height ; from the top to the bottom is eailed depth. That we ipeak 
of the depth of a well, the height of a house, Slc 

6. What is meant bj Extension? What tenne an osed to ezprRaa the 
size of a body? What is length? Breadth? Height, depth, or thick- 
ness ? What is the difierence between height and depth 7 

7. Wliat is meant fay Fignre? 3Cay bodiea be of the same shap«» or 
figure and of di&rent dimensions * Give an example. What caoMAtaU* 
figure? 

8. What is meant by Divisibaity? Is there any known limit to tJi« 
divisibility of matter? Mention some examples of the extreme divimhiuty 
of matter. • .^^ y^ 

9. WTiat meant by the IndestractibUity of matter? ^*^^^.',„ch 
changed in form and in external appearance? Give example* o 
changes. 



Zl 
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jir.^ :i< smape « 



I 



:r -j.i '..--:!:.::<:? cLuis; these 

.1:--. r: •.•;.--. .v:. Tl:e "^riier on or 

>y \ w ' \\\.- \ i^ . \- 1/ J •-:.•.. p..;!- ■-»: :!.vn: arise iii s3S'>ke 
«/' V |i';', ;.i'i i.'.i" i</n:ii!.'i«r i- P: lu-.-.-d I.' ■.i.*;.es- A '^<»dT in 
l/im.!'.-» III iji .'",1 . MTf.;ii x .f/!'; ijii;*!;.'-'-^ : K'.i: ih-r van ■■•us pins 

I .\i •• II' r, ;iiji} M '..i'l .JJ tli<- V.T-'-ntiul ppiJK-rUca OI b-.-diOS. 

JO. Iiiiitia is iIh; nrsisi.-iiivi; which inactive matter 
iii.iki'^ \n w r\\\\u'n\ «<r^t;ite, wht*ther of miction or rest. 
A h'i<ly :it ii't *-:i!iii'»i put itself in motion, nor can 

JI h<i<ly 111 lii'^ISuii slifp il<(;ll'. 

A li'i'ly. wlnii y\\\ \\\ iiii»'ioii, will continue to move for- 
ivii, ijiil' >.-. i» In- r liippiil. Wh'-n a st«mo or bidl is thrown 
ti'iiij ill'" li.iinl, il;i-r<* ;in' I wo fop'i's vvhii'h continually operate 
i«* I i«i|i if, fi.iifii ly, iIji- n'.ist;iiu:»* of the uir, and gravitation: 
Jill fii'iii'iii wlii« h \>, > .iiisid liy animal or 
iiK ' li.iiiji il jiowij, will Ih' d«'>tp»vc*d by 
tli< < 'iiiihjM<-d ij<'ii'iii ol tiii'M* forci's. Hut 

«<*iild lln:i' \it\v^•'.^ hr hUSpi'tldciI, tllC 
li''dy III ifii;liiiii Wdiild rijiitiiiiK* to nioVC 

('i|i-V< I 

I'lf/ V i< pi<:'.i'ii(:i the hiiiipli* :ip])anitus 
• il Ml Wij/liliiMii, lor ilhi^tratin*^ ini*r- 
lii A ifill find a r.Mid hi'iii;^ placed 
np'iii Mil- pill.ir, iiioliiMi \\\ ^rlvrii lo the 
< aid hy IIJI ill) I of a hpriii;;, but the ball 
K'liisiiij:^ (jii l.hi* pillitr. 

J 1. All J art ion \\\ tho tcnden^.y which difTerent bodies 
oj' poilion:< of ni:ilt(jr hiivii, lo apjiroach or to adhere to 
(tacJi olhcj'. 




10, Wliitt In iiMiiiit by lufrtiii? Oiui ii li"ily ut riNt put ItHrlf in mo- 
tion? (yi'iii u |j(>(iy ill iiHitioii Kti))i itM-ll / WIh-ii a Ktom^ or hall is throwu 
from tlin liuiiil, liow iiiaiiy lorci'H i-iHiliiiiiiiJiy iij«i r.kln to hIo)) it 7 What 
•re tlicy Y liuw could a Innly in niotioa Int iiiitii«t to iiiuvu furcvor? Ex- 
plain the upparatuH for illu^(^atiu;^ iucrtiii. 



M ATTKK Aim ITi FBOVSKTmL tM 

Every portion of matter is attrMrted br ereiy oclvr 

portion ot matter, and this attractioo increases' as the 
quantity of matter is increased, and diminishes as u^ 
quantity of matter is diounished. 

12. There are two kinds of attractioii bdocgin^ to 
all matter, namely, the attractioa of graritatioii aod'the 
attraction of cohesicm. 

The attraction of gravitation is the teadex^cT of dif- 
ferent bodies to approach each other. 

The attraction of cohesion is that which canses the 
particles of a body to cohere to each other. 

By the attraction of graTity, a stooe &Ils to the 
ground. By the attraction of oohesioii, the particles 
which compose the stone are held together. 

1. All matter is composed of tcit mzante partides* vkkb 
are connected together in difTerem bodies br ffiffereat degrocs 
of cohesion.* 

2. The particles of which bodies are oompoEed afaaoihoAJT 
touch one another in few points only. There are womH spaces 
called /wreff between the pardcla; and the proportko v£ 
these pores gives rise to the tenns denshj and imiitT. A bcoj 
in which the pores are small and few in camber, is calkd a 
dense body. When the pores n^. ^arge and mua tsuu s, the 
body is kud to be rcwe. 

Density, therefore, implies the cUmmess and compactmeu Kd tie 



* CohesTe attractioo is iSiHtraied bj bmoh «f a 
ispheres, which being |iriMw.id logether, wiH be iomnd le eahcMt TW 
periment may be made with equal wnerrm wilk tve 
at the pointa of ccntacL 

t The pocea of bodiee are geacraSj £Ded widi 



11. WhatkattnctioaT Is every poitiaB «f matter alxmctod bjr 
other portion of matter? Haw does thia attraction iacinifi aad dim 

12. How manj kinds of attrartjon are there h v it jmj^mg t« ail no 
What is the attraction of grafitalkn, cr graritj? Wbut is tJbe atsjiK^^LwaK 
of cohesion, or cohesiTe attraction ? What caanas a alMe u> iadl to it^r 
groand? Bj what are the paitidca vhidi ^^otafom the st«0e bt^ v>. 
gether? Of what » matter compoaed? Is ti*e c«b«rve yvmr*^ »r. -s* 
nnites them the same in a»l bodies? Ham may o«i««v« •Jlrv,-i>«=' *^- 
lustrated? Do the partadea of matter in bod»i Mhmim^ ^^^^'" 
•ther? What are tne spaces bK n ra en tliem caBed 1 
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particles of a body, and hidicaies the qvxintiiy of matter cenktmai 
in it under a given bulk. 

Rarity is the reverse of density, and implies extension of buHt 
witlvout increase of quantity of matter, 

13. Compressibility implies the reduction of the limits 
of extension. Of this all substances are susceptible if a 
sufficient force be applied.* 

14. Expansibility is the reverse of compressibility, 
and implies the increase of the limits of extension. 

16. Mobility implies susceptibility of motion. 

16. Elasticity is the property which causes a body to 
resume its shape after being compressed or expanded. 

Thus, when a bow is bent, its elasticity causes it to resume 
its shape. India-rubber possesses this property in a remark- 
able degree, but the gases in a still greater. The elasticity of 
ivory is very perfect, that is to say, it restores itself after com- 
pression with a force very nearly equal to that exerted in 
compressing it. Liquids, on the contrary, have scarcely any 
elasticity. 

17. Malleability implies susceptibility of extension un- 
der the hammer or the rolling-press. This property be- 
longs to some of the metals, as gold, silver, iron, copper, 
&c., but not to all ; and it is of vast importance to the 
arts and conveniences of life. Gold is the most malle- 
able of &11 metals. 

18. Brittleness is the reverse of malleability, and im- 
plies aptness to break into irregular fragments. This 
property belongs chiefly to hard bodies. 

* Sir Isaac Newton conjectured, tliat if the earth were so compreased 
as to be absolutely without pores, its dimensions might not be more than a 
cubic inch. 



What do you understand by density? What by rarity? 

13. What is compressibility? Ai'e all substances susceptible of it? 

14. What is expansibility ? 

15. What is mobility ? 

16. What is elasticity? J^Vhat substance possesses this property in a 
remarkable degree ? 

17. What is malleability? Does this property belong to all the metals? 
What metal possesses it in the highest degree? 

18. What is brittleness? What bodies are most brittle? 
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19. Ductility is that property which renders a tab- 
stance susceptible of being drawn into wire. 

Platina is the most ductile of all metals. . It can be 
drawn into wire scarcely larger than a spider's web. 

20 Tenacity implies a great degree of adhesion amon^ 
the particles of bodies. The tenacity of bodies consti- 
tutes their strength, or their capability of sustaining 
weight. Iron, on account of its fibrous structure,is very 
tenacious. 



CHAPTER m. 

OP GRAVITY. 

21. The term Gravity, in Philosophy, expresses the 
reciprocal attraction of separate portions of matter. 

All matter possesses this attraction, and all bodies 
attract each other with a force proportionate to their 
size and density, t^hen at a given distance firoin^ each 
other. 

A body unsupported falls to the earth. This is caused by 
the superior attraction of the earth, arising from its densi^ 
and size. 

22. The attraction of gravitation causes weight. 

1. When we say that a body weighs an ounce, a pound, or 
a hundred pounds, we express, by these terms, the degree of 
attraction by which it is drawn towards the earth. 

2. Weight, there/ore, is the measure of iJie earth'i attractum. 
As this attraction depends upon the quantity of matter there 
is in a body, it follows that those bodies whi«^ contain the most 
matter will be most strongly attracted, and will consequently 
be the heaviest. 

19. What is ductility 7 Which is the most ductile of the metals 7 

20. What is tenacity 7 Which is the most tenacious of the metals 7 

21. What do you nndoistand by the term gravity 7 Do all bodies pos- 
mm this attraction 7 To what is its force proportional 7 If a body be vn- 
supported, will it remain stationary 7 Why will it fall 7 

22. What causes weight 7 When you say that a body weigh* •» 
what do you mean by it 7 What, therefore, is weight 7 

2 



9L T» ifrre ?r z ' -X'J* » zrwoeat at the suilace of 
ti^ Mtrr^. lixti ne^ . rw LMjg^ ^v.-ci luvjr-Js and down^rud% 
kite ai iidSirsoL itj-jr^wsw* 

k iKcr«fik«e« rx'^Jf ->f mrir* » the sqaare of the 
jiscjaor r-jic ne ^>KLCr» mmriai?*. Fncm the smfrce 
^> Uie ct*a:r!f .c itfcr^ice^ ^tt^ij !;» :iie drstanoe in- 
CKUksiK;. T^: Jv rn'^'T -^ *-^ s^iice of the earth 
^>kiicd a^ AX-cc *JCi> n-«?* r-:ai -le ^«i:re> is foar tunes 

<Nr S^W r:::ile< fr^c: :.^e ,-^c:r«. 



t^ $urtbc«* ,*£ "Jii.' ivirti -v-ii;^ A ^cimiL iS ^ ceasze of tbe 

^y^y « - - ^ ^ -~ ^ ,^ ^ pooad, 

;^W M. u. -. ^ ^ - * vf i povnd, 

ivW - -^ - ^ * * 1 pccad, 

5i^V0 - " - - * "* i-* 



W4U««hc« ^^ AXinMMMHiii. liw* :i tit^fw wvw bet <iw Ihkt a tie vuthhi, it 
WvmM K«v« tt«> w«4^U bevMtH«> C)i<K« wvttiid be axsLLo^ tii> sxmct iL Bat 
«oK««i>r^ «||T«c(MiM w<hM «tut ♦.xwt* aoid keep the MiticHee which fwmwg 
^» K^ HlMl«d A« lh« attnMSMtt betweea aJt bisdiee is mstoal. it foBovs 
Ihikt wh«ii Ik «I«M» «r MkY h<«Yy biKty I'^OI* to the ««rth» the ««rth v3l lin 
I* UMmM it UmI «mi the «tlf«ctw4ft w in profUMttien to the quantitr of nlUi 
«M»h tHMilMiMk iKe mune wU) AUI «» niMch Anther than the earth rins, m 
III* MMnh fJ(o«Mli the alMie iu m«n^ Now the earth is one qoatrifliBB, 
|h«t hk one thoMWUHl uiiUiou inillioiMi timee larger than the kr^cat body 
whioh hM ever beeu kuowu to WM thrott|»h our aluK«pheie. Sappoaiai^ 
Ihan, that auoh a body shouia M\ through a Oiatauce of 1000 feet— the 
•arth woulcl tim no luora thau the huaUieU htUioiith pait of aa inch, a dis- 
lanoa altc^^Uier iuiperoepUble to our aeuMNik 'I'he priucipie of mutual at- 
tiAotion ia not oouflueU to the earth. It extentb to the sun> the pUneta^ 
oometi) and ataii. The earth attracts eaoli of theni» and each of thea 

8S. Where if the force of gravity greatwlt How doM H ohaiigeT How 
doan it deore«M aboT« the ■wiW*' I KuwMvwt 




OF OEATITY. 37 

24. The direction in which falling bodies approach 
the surface of the earth, is called a vertical line.* Such 
lines are everywhere perpendicular to the surface, and 
when prolonged will meet nearly at the centre of the 
earth. 

For this reason no two lines suspended 
by weights, will be parallel to each other. * ^' •• 
Even a pair of scales, hanging perpendicular 
to the earth, are not exactly parallel, because 
they point to the same spot, namely, the 
centre of the earth ; but the convergency is 
so small, that their inclination is not percepti- 
ble to our senses. [See Fig. 3.] For the 
same reason no two bodies can fall to the 
earth in parallel lines. 

25. According to the laws of attraction, all bodies at 
an equal distance from the earth will fall to it in the 
same space of time, if nothing impede them. But bodies 
of different density fall with different degrees of velocity, 
on account of the resistance of the air ; and as heavy 
bodies overcome this resistance more easily than light 
ones, the former will fall with the greater velocity. 

The resistance which the air opposes to the fall 
of bodies, is proportioned to their surface, not to their 
weight. 

attracts the earth, and these mutual attractions are so nicely balanced by 
the power of God, as to cause the regrular motions of all the hearenly 
bodies, the divereity of the seasons, the succession of day and night, sum* 
mer and winter, and all the grand operations which are described in as- 
tronomy. 

* A vertical line is sometimes called a plumb-linef because it is formed 
by a weight suspended at rest from a string. As the weight thus employ* 
ed is usually of lead, the term plumh, from the Latin plumbum, lead, is 
apjdiod to the line. 

, I , ■■IT ^^^^_^^^— ^^^_^ 

24. In what direction will a falHng body approach the surface of the 
earth? Will the lines of suspension of different bodies ever be parallel? 
Where wQl they meet, if suf&ciently produced 7 

25. Will all bodies at equal distances from the earth, fall to it m the 
same Ume ? Why not? What bodies falls fastest ? To what is U>e la 
■stance of tlie air proportional ? 
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litfi^v y kt^iditf vim Im made to float in the air, instead d 
fttliiiig iiiimuditttely U» iht) (fruund, by making the extent of 
ilit;}j *aiUi;c t:iiUittei tiulaiicu their weighL Thus gold, ^lidi 
ii liiic lit ihti hksiiUMl uf ttU ikuhiitances* when spread out into 
thiu leaf, u iiul HiirciL'tcHl by gravity with sufficient force to 
uvcxcwiiiu iiiti it»i(»uiicd i*( thu air ; it therefore floats in the 
uir, ui- I'alU bhiwly. 

M, Ail biilidtuures Hit) iitfluenced by gravity, in exact 

1u'i)|)iirtiim to their i|uuiitity of mutter, and their distance 
Vuia the ceatrul |Hiiut uf nttruction. 

1. K\\in ttir itself, light ad it ^wmA, is subject to this attrsc 
tiwn. TUii air* nrubably exieiidA to a height of more thas 
fi>ity iivi; luilus uttuvu the burtaoe uf the earth. The pressure 
uf llio upper partii uf ihu atmobphvre on those beneath, ren- 
ders tlio air near tlio burfacu i»f the earth much more dense 
than thai in the uppur regioiiti. This pn'ssure is caused by the 
aUructiou uf thu eartli, uri what id the stime thing, the weiffht 
ul tiiu air above ; ami it wuuKl cause the air to fall like ouber 
budics L'omplutely tu the eiirth* were it not for the elasticity of 
that ])orti()n which is near tlie surface. 

2. Tliu air therefore, uf which the atmosphere is composed, 
exittU in a slate of compression, which causes it to be heaviest 
near the surface uf the earth. 

* We huve uo nieauii uf tuMtertuining the emot height to which the air 
eitouilif. Hir Jdiu llttmchel iiuyii, ** Laying out of consideration- afl nice 
(lUitNliuiM wt to tho prubublo uxiiitouce of a UeAuite limit to the atmoqphere» 
Imyoiiil which thnru in alwulutoly anil rigoruualy speaking no air, it is dear, 
tluit for all prufsticul puriMweii we nmy 8|)eak of those regions which aro move 
difltuiiL ubovn the oarth's surface than the hundredth part of its diameter ai 
void uf alri and of ouunio, of clouds, (whioh are ncrthing but visibto Tapon, 
diA'iiMod and floating in the air> sustained by it, and rendering it tmbid, as 
umd does wator.) It seeins probable» from many indications, that the givat- 
eat height at which visible clouds over exist does not exceed ten milea ; at 
which height tlie density of the air is about an eighth part of what it » at 
the level of the sea." Although the exact height to which the atmoophen 
extends has never been ascertained, it ceases to reflect the sun's rays at a 
greater heigtit than forty-flve miles. 

96. In what proportion are all substances influenced by gravity 7 Is air 
nfl^ted by it 7 How far does the air extend above the surface of the 
«arth 7 What causes the air to be more dense at the surface of the earth 7 
What causes this pressure 7 Why does not the air fall to the earth like 
ether bodies 7 Where is the air heaviest 7 What effect havo gravity and 
slasticltv upon the air 7 



xptress the rdtfiTie wvxsa. •nf «iniBi iniks tii: 



1. If ve take eqnaC bn&s if >aif, ipth^ snx 
find tike lead to he ^^ hsciBSQ^ ^iuoL 'At -wwii^ -boL r&E 
and lasdr tlie ait. Hbikk- ^«« s^ T^ac '&t ^^i!Bi& inanrr if 
cork k greatta- ^hoB Aoe •!£ »^ cu- ^rsiEk .pvo7 df 
greater ^kaa iktt «f ccxk. aid :^ j^peefiE ^wv -^ 

2. Froai wka kK xu v 3enK sni w^s£l j gg i tt C n :^ 
uoa of giaTiBa&kB sui loit fctttTimr g 'j d i xj of 'stunea^ x iookses 
that akhoogii the eutik iZDwtt a& whtmnrng. 7»c ::!]» 
attzaction cuees SjCBe- &:^es a2 :k nut iciiss ii iiiL 

3. Those hodies or im^xrmofs. 6^ "y^^^tm ^^btct 
is ffieater than that «f sr. w^ dUL im£ ^aBB- 
goffntjm lam tkaa au «sc sr. 
being ware nlnaigh atagacaed wal jgt jfcwi'aci ai 
dispbdng them, wll criff- samK :«2 rT» 9^ir ^it 
coikand other %hi ssSkscaBixs ^vil un: snkii. 
the specific gutk* cf water ttaaiz uwaoer, 'is 
s ti ui ^j attiaeled, aod wtt he ^CsMn. da< 
(Tor a table of the ly e iJife. g B-i-iiEi 4f b<dbe9k.< 

4. The pnBcq4e which riiTwwM huhniiHBi aa EiBe;.aa:siit aunit 
which o cc a niaw the aiceaiL «f 

liak of which a baDooa is Btadc^ «« aiSKner aao. inr. inc 
extension is greailj ieicreasEd, aoi TOipr k» iiLfiii w5a. bl -iiii 
tic flind of a differat nacarci specifieallj !&S3fier i&ibk v. le 
on the whole, the balLiaB when thB Se^ii andk %bvr : 

* The 
hat \ff its 

lisbt; 

cf diii ■» that tbe 





27 What ■ 
the earth i iiii aB 
Qofr does tba i 
bodieaHik m inUr.t 




m portion <si mr ei imt 
fsqweacly riee. 

5. Grairxy. Si£«r«&:rtF« ciatws iictfjes w^&. ar« It^fter 
iir t» aBt!«tiii» sotiMie wius^ atc <fiif ^f^sil w^ai^ wKk air to le- 
MaiA scAtiocory. iju£ iiuc^it vli&:2L xrit iisav5£r c&an air to de- 

ezoeaC 6^ the sar£kee cd Ujt U7^.iz Ic^. 



CHAPTER IT. 

MtCltAyflCV^ Oft THE I.A11? OF XOTIOV. 

!9$. Mef;KftAk:9 t5i Ihst branch of Xaturftl PliDo90|iiif 
-^hifth r^fifte^ fo» m^jofi and the moTing powers, ifaeir 
tfkttrt tmd feiw.«, with iheir effects in marhines^ &c 

2P. Motion is a continued change off ace. 

Oft ^Ki^omti of ike 'mertJ» of matter, a body caimoc put ii- 
#^ Mf mcntkmy fnot irbei> it » in motion can it stop hsetL 

fKf, Tfwf ponet which piJt« a bodv into niolioii is 
6Wlterf Hjtfftf, / fmA the power which 6as a tendency to 
ilfe)^ 6t i^p^e rttoi'pm in called resistance. 

m. Th^ m^A'ion f/f ft Wly impelled by a single force 
to ni^tiyn m k ^^raight line, and in the same direction in 

. f(^: ^h^ t^pAHf wilh which a body moves is called 

^fttti ^Hi Um ^im^f m itfAm hidhUfr thaa the air? What ^ect 
&tiMtf^HfA ^^itH^ ^^i 1 W^ftl #rA!w¥l Ml IImm6 that are heavier ? What 
k^f^ ^*i ffifMi hf ih*^it 4mmi'l T0 what is the renstance of the air 

^. ^J^MhffHf^f^fHi W^y«rftfifM4 a body put itwlf ID motion? Why 
ifi: ¥fitf-^^^*^***^^^^^^*tU^iAUiiUmi^]me'l In what diroctiai 



83. The TelodtT of m giTca hoir ir 
the force by wtuch it is pat id MO Octi,* 

34. The velocitT of m moTin? KkmIv if 
die time that it occopies in jiawwiig throock 
space. The grviter the space, and die shorter the 
the greater is the reiocitT. 

Thus, if one bodr mofve at the nae «f 
twelTe miies is the 
donUe that of the fooaer.f 

35. The TelocitT of a b^dv is measured hr t 
OTer m'hich it moTes, diTided bj toe tmie 
fioxs in the motion. 

Thus, if a body more <ne Ii^sdred =£ 




the Telodtr h one hoadied diraded vr nreasr, taas h^ i*e 
miles an hour. 

npid flticAiii. abMt 13 feet; wf a 
■CoRByStieei; •£ a 

a 
feet; afai^e.4nll.IGG0: «fa 
point at the m&ee of the 
earth's eeatre ia il> 

Tho aroRfo nte of 
■TO of fllappaeoB. ii tea aad a kaif 




foot ia a 

t 
lodty ii eaOed abootee 
widMiat nfemm to that 
a hnDdred mBes ia toi hoaiSy hm 
Voioeitj ii eaOal idaliTa whea it ii 
Tliai, if oae bocse txafcf oolr 5^ 
handled ia the auaa tiae, the 
miles aa hoar, and that of the latter m tea 
is fire mika 



33. TowhatisthoTciseitjof a 

34> ftnrMthoTdseityofa M si ia^ hodjaeteraanwt* Ifoas'sotf?^ 
tiuoogfan nilca ia aa hoar, aad aaelher t«*H?, ha«r 4mo db« ^-^Mey 
of the latter cooqiare with thai of the frnvr? What s svaac Vf " 
lalaT«loeirf? Give aa eaaa^doL Whea » the t^efceatr of a b-^ 
nlatiro? Gire aa mmf i n . 

35. HavvthoTciBeitjof ahodf 
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36. The time employed by a body in motion may be 
ascertained by dividing the space by the velocity. 

Thus, if the space be one hundred miles, and the velocity 
five miles in an hour, the time will be one hundred divided bj 
five, which is twenty hours. ^ 

37. The space also may be ascertained by multifdy- 
ing the velocity by the time. 

Thus, if the velocity be five miles an hour, and the time 
twenty hours, the space will be twenty multiplied by five, 
which is one himdred miles. 

38. There are three terms applied to motion to ex- 
press its kind ; namely, uniform, accelerated, and re- 
tarded motion. 

Uniform motion is that of a body passing over equa. 
spaces in equal times. 

Accelerated motion is that in which the velocity con- 
tinually increases as the body moves. 

Retarded motion i^ that in which the velocity de 
creases as the body moves. 

39. Uniform motion is produced by a fierce having 
acted on a body, and then ceasing to act 

A ball struck by a bat, or a stone thrown from the hand, is 
in theory an instance of uniform motion ; and if both the at 
traction of gravity and the resistance of the air could be en- 
tirely removed, it would proceed onwards in a straight line, 
and with a uniform motion forever. But as the resistance of 
the air and gravity tend to deflect it, it in fact becomes an in- 
ftance first of retarded and then of accelerated motion. 

40. Accelerated motion is produced by the continued 
action of one or more forces. 



86. How do you ascertam the time employed by a body in motion? n- 
Inftrate thii. 

37 How can you ascertain the space 7 niustrate this. 

^8 How many terms are applied to motion to express its kind ? What 
are they 7 What is uniform motion 7 Accelerated 7 Retarded ? 

39. How is uniform motion produced 7 Why is not a ball struck by a 
bat, or a stone thrown from the hand, an instance of uniform motion? 
How can it be'made an instance 7 

40. How is accelerated motion produced? 



MECHANICS. n 

1. Thus, when a stone falls from a height, the impulse which 
h receives from gravity would be sufficient to bring it to the 
ground with a uniform velocity. But the stone while falling 
at this rate is still acted upon by gravity with an additioud 
force, which continues to impel it during the whole time of its 
descent. 

2. In the first second it/alls sixteen feet, three times that distance 
in the next, five times in tite third, seven times in the fourth, and 
so on, regularly increasing its velocity according to the number 
of seconds consumed in falling, 

3. The height of a building, or the depth of a well, may thus 
be measured oy observing the length of time which a stone 
takes in falling from the top to the bottom.* 

41. Retarded motion is produced when a body in 
motion encounters a force operating in an opposite di- 
rection. 

1. Thus, when a stone is thrown perpendicularly upwards, 
the force of gravity is continually operating in the opposite 
direction, and attracting it downwards to the earth. The stone 
moves upwards slower and slower, until the upward motion 
ceases, and the body returns with accelerated motion to the 
earth. It is found that a body thrown perpendicularly up- 
wards, takes the same length of time in ascending that it takes 
in descending. 

2. Perpetual motion has never yet been produced by art; 
and the principles of mechanics seem to prove that such a 
motion is impossible ; for although in many cases of bodies 
acting upon one another, there is a gain of absolute motion, 
yet the gain is always equal in opposite directions, so that the 

* The ifMiefls throogh which a body falls iu equal successive portions ot 
time, increase as the odd numbers 1, 3, 5, 7, &c. ; that is, a falling body 
descends in the 2d second of its fall through 3 times, and in the 3d second 
through 5 times the space passed over in the first second. But the entire 
spaces through which a body will have fallen in any given number of sec- 
onds, increase as the squares of the times. 



Give an instance of accelerated motion. How far does a stone fall the 
first second of time? The second? Third? Fourth? How can yo« 
measore the height of a building, or the depth of a well ? 

41. How is retarded motion produced? Give an example. How d 
the time of the ascent of a body thrown porpcndicularly upwards, comp 
With that of its descent ? Why cannot perpetual motion be produced 

2* 
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qmnfhy ni direct motioa is nerer increased. But nalBn 
ahonndfl with examples of perpetual znodon, as for inntinnii 
the mrition of the heavenlj bodiei, described in the adenee of 

n«tronf»Tny. 

4U. The mompntum of a bodv is its quantity of mo- 
tion, or the forr.e with which it would strike' against 
another hody. It, is measured by multiplying its weight 
by its Telocity.* 

Thn<<, if A hfAy vrf'M^h'm^ six ponnds move at the rate of 
two milfA in a serond of timr, its momentum may be repre- 
sontrd hj sIt muHipIifHl by two, which is twelve. Hence a 
smnll or n lic(ht fiorly may )m3 made to strike against another 
body with a iiwnU'T force than a heavy one, simply by giving 
it snfficiont velocity. 

i'\. Tfie rrrfinn of a bodv is the effect which it pro- 
dncf^s upon other IkkHos. Reaction is the effect which 
it receives from tlie body on which it acts. 

Thits, when n body in motion fxtrikcs against another body, 
\t nets «pon \f, or j jroflnci^s nf^tion ; but it also meets with re- 
fil^tnnre frnm the bodv whit^h is struck, and this resistance is 
iho. rofiction of the hody. 

^f. Action fiffd renctinn nre always equal, but in op- 
posite dircrtiorts. 

I. RxpenmcnN to *«how Hip mutual notion and reaction of 
bodies, are mnde with hoi h «dastic and non -clastic bodies. Fig. 4 

• 'PUn f^miiififT of mntinn rnmmmilrnlRH to a body cloca not affect the 
cliiralioii of flio Uinihu. tf hnt llttin tiintiuii Im ronitiiunicatod, the body 
Wirt movo ptnwfr. If fi grfnt df|rf»'»* bn Ittipnrtrd, it will move rapidly. 
iiiii 111 f)n(!i fosos tff^ rndtlhu trill r-n(i(intto until it is destroyed by MMno 

exiorii.'u fo'rro. 



P \Kh',i I: M(^ fTtrt♦t1^Hf♦ff♦♦ Iff tt IwdyT How can the momentum of a 
|).i.tv !•': •» '{r^'uff.wf f t^rth. ttiitfit the quantity of motion communicated 
/,. ■! \...^r -.ft: ..i fff^ iUi^fi^\HH tit the motion? If but little motion is com 

H' I'ln'' •'' * *' ^''I Mfh M» tiUfvn? If a great degree? How long will 
;'r. ......If;,.. : ■■iiiU{U>^i 11 hw t'mi it light body be made to have a greater 

|»,n'jy,.i'^^ij;.- ifi-nt >i ♦*>.»<^^ HMK / Oivn an instance of this. 
.H JJ^' .' f.' m}.ru^ Uif Hh^Um I U(«AnUon7 Illustrate this. 




lepiesents two ifwr balls, A and B, of eqpal 

weighty dEC.» Upended by threads. If the ball 

A be drawn a little on one side and then let 

n>, it will strike against the other ball B, and 

drive it off to a distance equal to that throngh 

which the first ball fell; bnt the BKrtaon of A 

irill be stopped, became when it strikes B it 

receiyes in retain a blow equal to that which it gsre, bvt ia a 

contrary direction, and its motion is therebr stoppiML or father, 

given to B. Therefore, when a body stt^Ks agwoat another, 

the quantity oi motion oommmiicated to the seoond bodr m 

lost by the first ; but this loss proceeds, not fron the Uow 

given by the stzOdi^ body, but from the reaction of the body 

which it struck. 

2. Fig. 5 represents six irarr balls, of equal we%hi, saa- 
pended by threads. If the ball A be drawn ottL <d the per- 
pendicular, and let £dl against B, it will eonnMneaie ila 
motion to B, and reodve a reaction firom it 

which will stop its own motion. But the biD ^^ ^ 

B cannot move without moving C ; it will there- arrTiTyy 
fore communicate the motion which it reeeired 
from A to C, and receive from C a reaction 
which win stop its motion. In fike manner the 
motion and reaction are received bv each of the 
balls, D,£,F; but as there is no ball beyond F 
to act upon it, F will fly oflL 

N. B. This experiment can be accurately performed br Ihoae 
bodies only wludi are perfectly elastic. 

3. Fig. 6 represents two balls of clay, (which are not 
elastic,) of equal weight, suspeniled by strizigi. If 
the ball D be raised and let faH against E, ody ^^^ 
part of the motion of D will be destroyed by it, 
(because the bodies are non-«lastie,) anid the two 
balls win move on together to d and e, which are 
less distant from the vertica] line than the haJl D 
was before it felL Still, however, action and reac- 
tion are equal, for the action on £ is only eawa^ to make it 
move through a smaller space, but so much of I>*s muuuu is 
now also destroyed.* 

* Figa, 4 and 5, ag has htem njJaJTil. dbmr the cAet «€ 
raactioa in elaatie bodieB, mad Fi^ € i iw» Hw nine «dfe<^ ia 
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4. It is upoD the principle of action and reactioii, thai hndl 
are enabled to fly. They strike the air with th6r wings, aal 
the reaction of the air enables them to rise, faU, or remain 
stationary at will, by increasing or HiminJRtiiwg fj^^ foieecf 
the stroke of their wings.* 

5. It is likewise upon the same principle of action and re- 
action, that fishes swim, or, rather, make thdr way throu^^ 
the water; namely, by striking the water with their fins.f 

6. Boats are also propelled by oars on the same princi{^ 
and the oars are lifted oat of the water, after eyery stroke^ so 
as completely to prevent any reaction in a backward directioii. 

45. Motion may be caused either by action or reac- 
tion. When caused by action it is called incident, and 
when caused by reaction it is called reflected motion.!]! 

bo£eB. When the dastieity of a body is imperfect, an intennediate efieet 
will be prodaced ; that is, the ball which is struck wiU rise higher than ia 
case of non-elastic bodies, and leas so than in that of perfectly elaiCic 
bodies ; and the striking ball will be retarded more than in the former caM, 
but not 8t<^iped completely, as in the latter. They wiU, therefore, both 
move onwards after the blow, bat not together, or to the same distance ; 
bnt in this, as in the preceding cases, the whole quantity of motioii de- 
stroyed in thestriking ball, will be equal to that prodaced in the ball struck. 
Connected with ** the Boston school apparatus^ is a stand with iTory balb, 
to giye a visible illustration of the effects of collision. 

* The muscular power of birds is much greater in pn^xirtion to their 
weight than that of man. If a man were furnished with wings sufficiently 
large to enable him to fly, he would not have suflScient strength, or mus- 
cular power, to put them in motion. 

t The power possessed by fishes, of sinking or rising in the water, is 
greatly assisted by a peculiar apparatus furnished them by nature, called 
an air-bladder, by the expansion or contraction of which they rise or foU, 
on the principle of specific gravity. 

I The word incident implies falling upon, or directed towards. Tlie 
wud reflected implies turned back. Incident motion is motion directed 
towards any particular object, against which a moving body strikes. Re- 
flected motion is that which is caused by the reaction of the body which 
is struck. Thus, when a ball is thrown against a surface, it rebounds or 



Upon what principle do birds fly? Explain how Upon what principle 
do fishes swim ? Upon what principle do boats move upon the wateri 
Explain how. 

45. How may motion be caused? When caused by action whni is it 
•ailed? When caused by reaction what is it termed? 
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46. The angle* of incidence is the angle formed by 
the line which the incident body maket in its passage 
towards any object, with a line per« 
pendicular to the surfSsu^e of the ob- '^ ^' 

ject. ^-" 

Thus, in Fig, *I, the line ABC repre- 
sents a wall, and P B a line perpendicular 
to its surface. O is a ball moviDgin the 
direction of the dotted line, O B. The an- 
gle O B P is the angle of incidence. 

is tamed back. This letnm of the befl is called reflected motioB. As re- 
flected motion is caused by reaction, and rsnetaon is ciused by elasUcit]r» 
tt follows, that reflected motion is always grsatest in tftoas bodies wfaidi 
are most elastic. For thii reason, a ball filed wilh air leb e un d s bettar 
than one stofied with bran or wool, becaose its elasticity is greaier. For 
the same reason, balls made of caoatchooc, or Indb-rabber, will w bo o nd 
more than those wfaidi are made of most other sabstaaeea. 

* As this book may fall into the hands of some who are mmefnainled 
with geometrical fignres, a few explanations are here snbjoiaed. 

1. An angle is the opening made by two lines which meet eadi other in a 
point The size of the angle depends upon the opening, and not vpoo tha 
longth of the lines. 

3. A circle is a perfectly roond figore, er* fig. a. 

ery part of the outer edge of which, caUed the 
circnmference, is equally distant from a point 
within, called the centre. (See Fig. 8.) 

3. The straight lines drawn from the cen- 
tre to the circumference are calfod radfi. 
[Tlie ■jngnlur number of this word, is radius.] 
Thus, in Fig. 8, the lines CD, CO, CR, and 
CA, are radii. 

4. The lines drawn through the centre, 

and terminating in both ends at the circumference, are called diameten. 
Thus, in the same figure, D A is a diameter of the circle. * 

5. The circumference of all circles is dirided into 360 equal parts, called 
degrees. Tlie diameter of a circle divides the circumference into two 
equal parts of 180 degrees each. 

46. What is the angle of incidence? (NoU^. What is an angle? 
Upon what does the size of an angle depend? 2. What is a circle? 
3. What are radii? What lines in Fig. 8 are radii? 4. What are diam- 
eters? In Fig. 8, what line m the diameter? 5. How is the circumfer- 
ence of all circles divided? Into how many parU does the diameUr of a 
circle divide it? 
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47. The angle of reflection is the angle formed by 
the perpendicular with the line made by the reflected 
body as it leaves the surface against which it struck. 

Thus, in Fig. 1, the angle P B H is the angle of reflection. 

48. The angles of incidence and reflection are alwafi 
equal to one another. 

I. Tims, in Fig. Y, the angle of incidence, OBP, aadflia 
angle of reflection PER, arc equal to one another; thai is, 
they contain an equal number of degrees. 

6. All anglei are measured by the number of degrees which they ooi- 
taio. Thus, in Fig. 8, the angle R C A, as it includes one quarter of tiM 
circle, is an angle of 90 degrees, which is a quarter of 360. And the an- 
gles R C O and O C D are angles of 45 degrees. 

7. Angles of 90 degrees are right angles ; angles of less than 90 degieee^ 
acute angles, and angles of more than 90 degrees are called obtuse aii|^ 
Thus, in Fig. 8, RCA is a right angle, OCR acute, and OCA aa ob- 
tuse angle. 

8. A perpendicular line is a line which makes an angle of 90 degrees od 
each side of any other line or surface ; therefore, it will incline neither to 
the one sido nor to the other. Thus, in Fig. 8, R C is perpendicular to D A 

9. The tangent of a circle is a line which touches the circumference, 
without cutting it when lengthened at either end. Thus, in Fig. 8, the 
line R T is a tangent. 

10. A square is a figure having four equal sides, and four equal angkb 
These will always bo right angles. (See Fig. 9.) 

II. A parallelogram is a figure whose opposite sides are equal and par- 
allel. (Hoe Figs. 10 and 11.) A square is also a parallelogram. 

19. A rrctanglo is a parallelogram whose angles are right angles. 

1.3. The diagonal of a square, of a parallelogram, or a rectangle, is a 
line drawn through either of them, and terminating at the opposite angles. 
Thus, in FigN. 9, 10, and 11, the Ime AC is the diagonal of the fquare, 
parallelogram, or rectangle. 

0. How are all angles measured? Illustrate this by Fig. 8. 7. How 
many dogrors do right angles contain 7 Acute? Obtuse? Illustrate these 
angles by Fig. 8. 8. What is a perpendicular line ? What line is per- 
poudicular in Fig. 8? 9. What is a tangent? What line is a tangent in 
Fig. 8? 10. What is a square? 11. What is a parallelogram? 12. A 
ractangle? 13. What is a diagonal? What lines are diagonals in Figs* 
Oy 10| and 11 ?) Explain the angle of incidence by Fig. 7. 

47. What is the angle of reflection? Illustrate this by Fig. 7. 

48. How do tho angles of incidence and reflection compare with each 
otharf Illustrate this by Fig. 7 
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8. From what hag now heen stated with r^;anl to the 
angles of incidence and reflection, it foUows, that when' a hall 
is thrown perpendicularly a^inst an object which it cannot 
penetrate, it will return m the same direction ; but if it be 
thrown obliquely, it will return obliquely on the opposite side 
of the perpendicular. The more obliquely the ball is thrown, 
the more obliquely it will rebound.* 

COMPOUND MOTION. 

49. Compound motion is caused by the operation oi 
two or more forces at the same time. 

50. When a body is struck by two equal forces in 
opposite directions, it will remain at rest. 

51. A body struck by two forces in different direc- 
tions, will move in a line between them. This line will 
be the diagonal of a parallelogram, having for its sides 
the lines through which the body would pass, if urged 
by each of the mrces separately. 

1. Let Fig. 9 represent a ball struck by the two equal 
forces, X and Y. In this figure, the forces are inclined to 
each other at an angle of 90 degrees, or 
a right angle. Suppose that the force X 
would send it from C to B, and the force 
Y, from C to D. As it cannot obey both, 
it will go between them to A, and the line 
C A, through which it passes, represents 
the diagonal of the square, A B C D. 

The time occupied in its passage fram C 

* It is from a knowledge of these facts that skill is acquired in many 
different sorts of games, as Billiards, Bagatelle, &c. A ball may also, on 
the same principle, be thrown from a gun against a fortification, so as to 
reach an object out of the range of a direct shot 

What follows from what has been stated with regard to the angles of 
incidence and reflection? 

49. What is compound motion ? 

50. In what direction will a body, struck by two equal forces in oppo- 
site directions, move ? 

51. When struck by two forces inclined to each other, how will it move T 
What is this line called ? Illustrate these, first, by Fig. 9, which represonia 
• ball struck by two equal forces in different directions. 
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to A will be the same as the force X would require to lenlit 

to B, or the force Y to send it to D. 

2. If the two forces acting on a body are 
unequal, but still openite at right angles to 
each other, the body will move from C to A 
as represented in Fig. 10 ; in which it is to 
be observed that the force Y is as much 
greater than the force X, as the length of 
the side C D of the rectangle A B C D, ex- y^ ji^ 
ceeds the length of the side C B. 

3. When two forces operate * 
tion of an acute angle, (see Fig. 
body will move as represented by 
the parallelogram A B C D. "" 

4. If the forces operate in the direction of an obtupe angle, 
the body will move as represented by D B in the sam<) figure. 

52. Circular motion is motion around a central point, 
and is caused by two forces operating at the same time, 
by one of which it is projected forward in a straight 
line, while by the other it is deflected towards a fixed 
point. 

The whirling of a ball, faUened to a string held by the hand, 
is an instance of circular motion. The ball is urged by two 
forces, of which one is the force of projection, and the other the 
string which confines it to the hand. The two forces act at 
right angles to each other, and (according to No. 61) the ball 
will move in the diagonal of a parallelogram. But, as the force 
which confines it to the hand only keeps it within a certain 
distance, without drawing it nearer to the hand, the motion of 
the ball will be through the diagonals of an indefinite number 
of minute parallelograms, formed by every part of the circum- 
ference of the circle. 

63. There are three different centres which require 
to be distinctly noticed ; namely, the centre of magni- 
tude, the centre of gravity, and the centre of motion. 

Second, by Fig. 10, which represeuts a ball struck by two unequal 
forces, acting at right angles. Third, by Fig. 11, where the forces operate 
in the direction of an acute angle. Fourth, by Fig. 11, where the foreei 
o]ierate in the direction of an obtuse angle. 

53. What is circular motion? How is it caused? Illustrate this. 

53. How many different centres are there which require to be noticed! 
Define each of them. 
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The centre of magnitude is the central point of the 
bulk of a body. 

The centre of gravity is the point about which all 
the parts balance each other. 

The centre of motion is the point around which all 
the parts of a body move. 

When the body is not of a size nor shape to allow 
every point to revolve in the same plane, the line around 
which it revolves is called the axis of motion.* 

54. The centre or the axis of niotion is generally sup- 
posed to be at rest. 

Thus the axis of a spinning top is stationary, while eveiy 
other part is in motion around it. The axis of motion and the 
centre of motion are terms which relate only to circular motion. 

55. The two forces by which circular motion is pro- 
duced, are called central forces. Their names are the 
centripetal force and the centrifugal force^f 

56. The centripetal force is that which Confines a 
body to the centre around which it revolves. 

The centrifu^l force is that which impels the body 
to fly off from the centre. 

57. If tne centrifugal force of a revolving body be 
destroyed, the body will immediately approach the cen- 
tre which attracts it ; but if the centripetal force be 

* Circles may have a centre of motion ; spheres or globes haye' an axis 
of motion. Bodies that have only length and breadth may reyohre aioond 
their own centre, or around axes ; those that haye the three dimensions of 
length, breadth, and thickness, must revolve around axes. 

t The word centripetal means seeking the centre, and centrifugal 
means flying from the centre. In circular motion, these two forces con- 
stantly balance each other ; otherwise the revolving body will either ap- 
proach the centre or recede from it, according as the centripetal or centrif- 
ngal force is the stronger. 

54. Ib the centre or axis of motion supposed to be at rest, or does it 
move ? To what do the terms centre of motion and axis of motion relate 1 

55. What are the two forces called which produce circular motion? 
What is the name of each ? What do the words centripetal and centrifu- 
gal mean? 

56. Define a centripetal force. Also a centrifugal force. |,rtdvt«iiA 

57. If the centrifugal force be destroyed, to what point will the boay ««u^ ^ 
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destroyed, the body will fly off in the directUMi ofttiD- 
gciit to the curve which it describes ia its motioiL 

Thu.1, wlirtn a mop filled with water ia tamed swiftly rmn) 
bv the Imndlc, the thruade which compose the head will tj 
oir from the centre; but being confined to it at odb end, th^ 
cannot part from it; while the water they coatain, beiogn 
confinca, is thrown off in tttruight lines. 

58. The parts of a body which are farthest from the 
centre of motion, move with the greatest velocity; olA 
the velocity of ail thepai-ts dimiDishes, as their dutance 
from the axis of motion diminishes. 

Fig. 12 rcprcienta the vanes of a wbdmill. Tlie oreki 
denote the paths in which the different parts of the mn 
move. M ia the centre or mis of mo- 
tion around which all the parts revolve. "«■ '«■ 
The outer part revolves m the circle " 
D E F G, another part revolves in the 
circle H I J K, and the inner part in 
the circle ■ L N O P. Consequently, as 
they all revolve around M in the same 
time, the velocity of the parts which re- 
volve in the outer circle is as much great- _ 
er than the velocity of the parts which 
revolve in the inner circle, LNOP, as the diameter of the 
oulci' circle ia greater than the diameter of the inner. 

59. As the earth revolves round. its axis, it follows, 
from the preceding illustration, that the portions of the 
earth which move most rapidly are nearest to the eqm^ 
tor, and that the nearer any portion of the earth is to 
the poles, the slower will be its motion. 

00. Curvilinear motion requires the action of two 
forces ; for, the impulse of one single force always pro- 
duces motion in a straight line. 

What would ba ita direction if the cenlnpetal force were dntiafed? 
Give an example. 

5S. Wbat pari! of a body move with the gisalert vslocily } In vhtX 
proportjou doei the vdocily of all the puta dimiaiih? What doei Fig, 19 
i(^>n«atT 

59. What foUowa, with ngai to Ihe motion of the earih, trom Ibe It 
luMntioD of Fig. 131 

SO. Of what is onrrilinsar motioti alwayi the remit T Why t 
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61. A ball thrown in a horizontal direction is in- 
fluenced by three forces; namely, first, the force of 
projection, (which gives it a horizontal directi n ;) 
second, the resistance of the air through which it passes, 
which dinrinishes its velocity, without chang[in^ its di- 
rection ; and third, the force of gravity, wnicn finally 
brings it to the ground. 

62. The force of gravity is neither increased nor di- 
minished by the force of projection.* 

Fig. 13 represents a cannoa, lo-ided with a ball, and placed 
on the top of a tower, at such a height as to require just three 
seconds for another ball to descend 
perpendicularly. Now suppose tlie 
cannon .to be fired in a horizontal 
direction, and at the same instant 
the other ball to be dropped towards 
the ground. Tliey will both reach 
the horizontal line at the base ol* the 
tower at the s^ime instant. In this 
figure C a represents the perpendicular line of the falling ball. 
C 6 is the curvilinear path of the projected ball, 3 the ho: izonUil 
line at the base of the tower. During the first second of tinio, 
the falling ball reaches 1, the next second 2, and at the end 

* The action of gravity bein^ always the same, the shape of the curve 
of every projectile (see No. 63) depends on the velocity of its motion ; but, 
whatever this velocity be, the moving body, if thrown horizontally from 
the same elevation, will reach the ground at the same instant Thus, u 
ball from a cannon, with a charge sufficient to throw it half a mile, will 
reach the ground at the same instant of time that it would had the change 
been sufficiont to throw it one, two, or six miles, from tho same elevation. 
The distance to which a ball will bo projected, will depend entirely on the 
force with which it is thrown, or on the velocity of its motion. If it moves 
slowly, the distance will be short— if more rapidly, the space passed over 
iu the same time will be greater ; but in both cases the descent of the 
ball towards the ear^h, in the same time, will be the same number of feet, 
whether it moves fast or slow, or even whether it move forward at all, or 
not 




61. How many forces act upon a ball thrown in a horizontal direction? 
What are they? Why do bodies fall to the ground? 

62. Does the force of gravity either increase or decrease th© <^^ of 
projection? Grive an illustration 
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of the third second it strikes the ground. Meantmie, tliat pn 
jectcd from the cannon, moves forward with such veloeitf, ii 
U) reach 4 at the same time that the falling ball reftchei 1. 
But the projected ball falls downward exactly as fast as tlie 
other, since it meets the line 1 4, which is parallel^ to the hon- 
£on, at the same instant. During the next second the fasll 
from the cannon reaches 5, while the other falls to 2, both 
having on e(|ual descent. During the third second the project- 
ed ball will have spent nearly its whole force, and therefore its 
downward motion will be greater while the motion forward wiD 
be ids than before. IJence it appears that the horizontal moUm 
does not inter/ere with tfie action of grotty, hut that a prqfectiU 
dencmde with the same rajndity while moving forward that ii 
would if it were acted on hy gravity alone. This is the neces^ 
sary result of the action of two forces. 

03. A projectile is a body thrown into the air^asa 
rockety u ball from a gun, or a«6tone from the band. 

The force of gravity and the resistance of the air 
cause projectiles to form a curve both in their ascent 
and descent ; and in descending, their motion is grad- 
ually changed from an oblique towards a perpendicular 
direction. 

In Fig. 14 the force of projection would carry a ball from A 
to D, while gravity would oring it to C. If p. j^ 

these two forces alone prevailed, the ball 
would proceed in the dotted line to B. 
But as the resistance of the air operates in 
direct opposition to the force of projection, 
Instead of rofiching the ground at B, the 
ball will fall somewhere about E.* 

04. When a body is thrown in a horizontal direc- 
tion, or upwards or downwards obliquely^ its course will 

* It is calculated that tho reiistanco of the air to a cannon-ball of two 
pouiMlf woin^it, with tiie velocity of two thousand feet in a second, is mors 
than eqiiivalout to sixty times the weight of the ball. 

» — . i« 

03. What is a projectile 7 What lines do projectiles describe ? From 
what cause? Oive the illustration. How great is the resistance of the air 
oaloalated to be to a cannon-ball of two pounds weight, with the velocity 
of SOOO feet in a second 7 
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be iu the direction of a curve-line, called 
9L parabola;* (see Fig. 15,) but when it is 
ihrovm perpendicularly upwards or down- 
wards, it will move perpendicularly, be- 
cause the force of projection and that of 
gravity are in the same line of direction. 

* The Bcience of gunnery m founded upon the Uws rdatiii|r te pfO|te- 
ti]e& The force of gunpowder is accorately aBceitained, and nlrwlnticw 
are predicated upon theoe principles, which enable the engineer to direct his 
guns in such a manner as to cause the fall of the shot or shells in the rerj 
spot where he intends. The knowledge of this science sayes an im me nse 
expenditure of ammunition, which would otherwise be idly wasted withoai 
producing any effect In attacks upon towns and fortificatioiis, the skilful 
engineer knows the means he has in his power, and can calculate, with 
great precision, their effects. It is in this way that the art of war has 
been elevated into a science, and much is made to depend upon skill, 
which, previous to the knowledge of these principles, depended entirely 
upon physical power. 

The force with which balls are thrown by gunpowder is measured by an 
instrument called the BallUtie pendulum. It consists of a large block of 
wood suspended by a rod in the manner of a pendulum. Into this block 
the balls are fired, and to it they communicate their own motion. Now 
the weight of the block and that of the ball being known, and the motion 
or velocity of the block being determined by machinery, or by observation, 
the elements are obtained by which the velocity of the ball may be found ; 
for, the weight of the hall is to the weight of the block as the velocity of 
the block is to the velocity of the ball. By this simple apparatus, many 
facts relative to the art of gunnery may be ascertained. If the ball be 
fired from the same gun, at different distances, it will be seen how much 
resistance the atmosphere opposes to its force at such distances. Rifles 
and guns of smooth bores may be tested, as well as the various charges of 
powder best adapted to difierent distances and diflerent guns. These, and 
a great variety of other experiments, useful to the practical gunner or 
sportsman, may be made by this simple means. 

The velocity of balls impelled by gunpowder from a musket with a 
common charge, has been estimated at about 1650 feet in a second of time, 
when first discharged. The utmost velocity that can be given to a can- 
non-ball, is 2000 feet per second ; and this only at the moment of its leav- 
ing the gun. 

In order to increase the velocity from 1650 to 2000 feet, one half more 



64. When a body is thrown horizontally, or upwards or downwards 
eUiquely, in what curve wiU it move ? In what line wiU it move when 
thrown upwards or downwards obliquely? 




441 KATrsjaMOLOftoraT. 

t\S. Tljr rjir»^i-»m cii a pn^if^rtiW is the honsontal dn- 
lanop ivmii itir plur*<* w hrnro ii is thrown, to the place 
\H Itrir )i *iii iLrv The rrrairst random t^kes place at an 
niiclr i>! 4> Acii'iT^ci' — :hm K vhcn a gun is pointed at 

^\\ls nnijlr x^iili ihf hovij-iMi, ihf hall is 

Ailc. Ifiili) « Iu« h M lw«^ IN i!i \>«ii ill kXl un- 
ijlr lU 4.S iJrj»ii«P> ^nli Un l)iViy»i!.. If iho 
Itall lv9 U}l\^«n Ml ;tiix i«iij;)( ;iini\r 4.'^ Jo- 
gf«>pk, 1.1)0 )^9uuitu» «t.; iv ]lu' Nunir hs il 

%\%\. \Vhc*ii ihr i^rm^'^ i^f i:T',^> i'v of n hoiiy 5s support- 
iA,|, ihc» lv»«l> ii^rll Uii: Si" Mipjv^rlOil ; hut when the 
t'c»nlio t»l 4;i;i\ji\ IN imM;j>porUNi, iho K>dy will fall.f 

«iti«*ct aI ilu' «ii»iatiir %\i .'t.'O \a:-.K I'lr |2:v^aio94 xrltv^iiy xhtkt Can be ob- 
lAiitc^it la iwil,\ r.Vui t\4 i.^iH^ t4 .-I }^i >ir«NMu: i«ttm i'iiar;(*v^ of povrderare 
lUwrlitrp Hoi iml> «i*r!cM«», )miI i;:.i»^y:v.i>, 1,v, llu^nfh ihcy fiVC little od- 
dilutiul UMcc 111 ihp ItalU ilirx ha-^uj-.i lUi" l.xrok «>r m,t)iy by their linbiUly 
Ikk Imrbi. 

U\)ti>riiiii^iil I1A& aUt »h>^\^tt« ih^!, »MhiMij^h Kmi$ pnv^ ^ive a jrreaterve- 
iikiiiy lit llifi kh«ii iluu cJtoii i\ar«, »ii]K il«»i tm ih^ \vMr« hHoii ones an 
)irvf»ruUlt» i autii At-t-i»i\lui«)>. arm^l »h:)«s ;»iv> »ow alnuM iuvariably fur* 

a4liht)d Willi bltitri ^Uliai i'alirtl rnirxMt.ltW 

Thtt Itfugih (U i>i»tiruu{i gutu U»» aU» Itoi^n }:iv>Ai)y iri)ao<Hl, of late y^nn, 
Foriuorlyt (iti» barrrU wi«rt> li\uu lour lo it \ iWi in )rn};lh ; but the bcuit 
fuwliit|{-|iit«ct<ii ut ihit )MiVM*ui iU> hu\p burirU oi' two lVt^l« or t\i*o and v 
htilf, utiiy, iu Inutfih liuus of uboui itui* louj^th urt^ now iiuiveisally em* 
|iliiytiil I'tir nxivU gttiue an womloiK^kK, jtartrid^rivs, };r\Hit«t«, ami Kuch birds at 
aru tukeu uu tlm wiu};, with liie rxrojiliouti of ducksi and wdd j[«Hue, which 
r0f|uirti longer and heavier ffuun. 

* A kuowiodffe uf litia faot, and calcuhaious |»redioated on it, euablei 
the eu){iueer no to direct hia guuH, as to reach the object of attack whe» 
within the range of uhot. 

t The UcMtou School Apparatus contains a sot of eight illustrationf foi 



G5. What is the ruiidom of a projectile? At what angle does tlie great* 
est random take place 7 

66. When the centre of gravity of a body is supported} will the body 
•tand or fall? What if the centre be unsupported T 




A fine Aswn frnn the rgmtrif 'tt iiwviiv, tiwnwitticiu 
far to tbe horizniu i» *^iled the line oi* itirBrtion.* 

67. WfacTL the line of .iirer.riim tails •.▼iihin 'he Hmrt 
of anT bodv, the bnihr will ^anil : 'int -vhen 'hat ine 
falls octanfe <of the bnae^the ho#i'/ will rail ir lie irvnTet. 

1. Fs^- 1% n»pi'»!aeni» a. juuiinfi trrupn in 'tie if«iintv if i. 
hilL Tib& Ime € F repn>»»nt:» .i inrroncii ine, 
D E iht base of diii w^i^rr.n. If 'im -niinn he 
loaded KL KB'.h * aiaaiuar "uian -iirt •r^in tf 
graii&j be at B. lie pi»r:»*^i€r'iliir 5 D' '▼'il iiil 
within the base, suid 'iirt vi-t'.tl -vul ¥suuL 
Bm if the V'jad lie iLSt^^r^^ w- liins "liie it«ir» if 
gravit J be n^^l t^j» A- Me p*rr«D!5itTiiar Jt *Z 
will fall oii:Bade of ufte tune, iiadi die ^ici^ruL 

will be orefSicf. Fm &Bi» x ivG^nii't^ ihuc h ^n^srtii.. ir uror 
eairiage, will be hbus ifinLTj «!:^i^fcr:i*f£ '¥!ien. :;de Inn if dirtrj^uL 
ci the cectre of griTHj jam- -oAitTuiT "itw:* *ftsL 'ae -vurtftiA . mifi 
that 15 the cjkse oa « jtr-rl ::rt*L Tii* u*r.n.'* ic r^'i-; it -i»* 
human bodj, k liecwti^ lie 'z2^^^ i^f 'uie *jum it -^ie j^hTw 

So long as we ss^bai ^;^!irii;T^ liit iiut :f di:%t'.rji;a iiZk 
within this base. WLea w> itsti. ■.c iue woe., "ui** uf.uLrt id 
gravitj not beiisg KEpp'>r3i«ii. wt ii".- "jrjoi^ v^jumt iimJT. 

2. A rope-dancer ^td^jrnA iL 1j^ i^asut \£ L^;:IInT. vj ck.z> 
terooslj supportia^ the ocrSLre 4Jif gmiiiT. Fur liiik- purp-:ite 
he carries a hcarr pole in lis Lands^ which he iiuiu^ fj-um tdde 
to side as he alters Ids pouiion, in osder vj ihr&w ihe wtn^i 
to the side which is de5c:ent; and ihas^ br chantgint^ ihtt 

the puipo w of p^io^ a clear idem of dte eeatn cf ^jsnitj. aad iritcnru^ 
the di^renoe between tlie centre of gniTiUy aod ibe emtiv «f iKO^^umde. 

* The line of diiedioB k the liae vhkh the oeattxe of grurjij wvaid 
describe if the bodjr woe peinutted ta &3. 

t TbebMeofabodyiiitslovMtjMkL The bnw Pjl^ r. 

of a body itanding on wheels or legi^ » TtpnatiA- 
ed by lines drawn from the hnrett pan of am* 
wheel or le^ to the lowest part of the other wherj 
or leg. 

Thus, m Figa. 17 and 18, D E lepreaentt the 
of the wagon and of the table. 



E: 




What the'fine of diRCtion? ^^ 

67. If the line of diiection falbwithin the ba«>, wiD the body 
MIT Giro an iUnitrataon. 
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atuation of the centre of gravity, he keeps the line of dire^ 
tion within the base, and he will not falL* 

A spherical body will roll down a slope, because the centre 
of gravity is not supported.! 

68. When a body is of uniform density, the centn 
of gravity is in the same point with the centre of mag 
nitude. 

When one part of the body is composed of heavier 
materials than another part, the centre of gravity (being 
the centre of the weight of the body) no longer corre- 
sponds with the centre of magnitude. Thus, the centre 
of gravity of a cylinder plugged with lead, is not in the 
same point as the centre of magnitude. 

Bodies, therefore, consisting of but one kind of substance, as 
wood, stone, or lead, and whose densities are consequentlj 
uniform, will stand more firmly than bodies composed of a 
variety of substances, of different densities. 

* The shepherds iu the south of France afford an interesting instanoe 
of the application of the art of balancing to the common business of life. 
These men walk on stilts from three to four feet high, and their childreni 
when quite young, are taught to practise the same art By means of 
these odd additions to the length of the leg, their feet are kept out of the 
waterf or the heated sand, and they are also enabled to see Uieir sheep at 
a greater distance. They use these stilts with great skill and care, and 
run, jump, and oven dance on them with great ease. 

t A cylinder can be made to roll up a slope, by plugging one ride of it 
with lead ; the body being no longer of a uniform density, the centre of 
gravity is removed from the middle of the body to some point in the lead, 
as that substance is much heavier thau wood. Now, in order that the 
cylinder may roll down the plane, as it is here situated, the centre of grav* 
ity must rise, which is impossible ; the centre of gravity must al^^ys de« 
scend in moving, and will descend by the nearest and readiest meaiis» 
which will be by forcing the cylinder up the slope, until the centre of 
gravity is supported, and then it stops. 

A body also in the shape of two cones united at their bases, can be 
made to roll up an incUped plane formed by two bars with their lower ends 
inclined towards eadk oiiier. This is illustrated by a simple contrivance in 
the " Boston School Set," and the fact illustrated is called *< the mecAoiii- 
eal paradox" 

68.. If a body is of uniform density, what centres will coincide? Give 
an example in which the oeatrei of magnitude and gravity will not euiu- 
cide 
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69« Bodies that have a narrow base are eas9y over- 
set ; for if they are m the least degree inclined, the line 
of direction will fall outside of the base, and their cen- 
tre of gravity will not be supported.* 

The broader the base, and the nearer the centre of 
gravity to the ground, the stronger will be the edifice. 

For this reason a pyramid,! having a broad base and but 
little elevation, is the firmest of all structures. 

70. When two bodies are fastened toffether, they are 
to be considered as forming but one body, and have but 
one centre of gravity. If the two bodies be of equal 
weight, the centre of gravity will be in the middle of 
the Tine which unites them. But if one be heavier than 
the other, the centre of gravity will be as much nearer 
to the heavier one as the heavier exceeds the light one 
in weight. 

1. Fig. 19 represents a bar with an 

equal weight fastened at each end : the '*«• *•• 

centre of gravity is at A, the middle of wH— ^— fl|w 
the bar, and whatever supports this 
centre will support both the bodies and p,-^ ^^ 

the pole. 

2. Fig. 20 represents a bar with an 
unequal weight at each end. The cen- 
tre of gravity is at C nearer to the larger 
body. 

* A peraon can carry two pails of water more eodly than one, beomuft 
the pails balance each other, and the centre of gravity remains supported 
by the feet, fiut a single pail throws the centre of gravity on one side, 
and renders it more difficult to support the body. 

t A cone has also the same degree of stability ; but» strictly speaking, 
a cone is a pyramid with an ia6nite number of sides. 

69. What riiaped bodies are easily overturned 7 What bodies must stand 
more firmly than others? Why? Why do bodies whioh have a narrow 
base overturn more easily than those which have broad bases 7 Why ca« 
a person carry two pails of water more easily than one ? Why i» ** Py** 
mid the firmest of all structures 7 . 

70. If two bodies of equal weight are fastened together, ^^®^ ^* 
centre of gravity? If one be heavier than the other? Wha iff 
19 repreMnt 7 Fig. 20 7 Fig. 21 7 
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8. Fig. 21 represents a bar with un- 
equal weights at each end, but the bugger 
weight exceeds the less in such a degree 
that the centre of gravity b within the 
larger body at C. 




RESULTANT MOTION. 

71. Resultant motion is the effect or result of two 
motions compounded into one. 

If two men be sailing in separate boats, m the same direc- 
tion, and at the same rate, and one toss an apple to the otheri 
the apple would appear to pass ^rectly across from one to 
the other, in a line of direction pikrpendicular to the side of 
each boat. But its real course is through the air in the 
diagonal of a parallelogram, formed by the lines represenliDg 
the course of each boat, and perpendiculars drawn to those 
lines from the spot where each man stands as the one 
and -the other catches the apple. In Fig. 22 
the hues A B and C D represent the course ^' " 

of each boat; E the spot where the man ^ «° ' 
stands who tosses the apple ; while the apple 
is in its passive, the boats have passed from ^ "" 
E and G, to H and F respectively. But the ~ 

apple having a motion, with the man, that would carry it from 
E to H and likewise a projectile force which would carry it 
from E to G, cannot obey them both, but will pass through 
the dotted line E F, which is the diagonal of the paraUelosram 
EGFH.* 

* On the prinoiple of resultant motion, if two ships hi an engagement 
be sailing before the wind, at equal rates, the aim of the gunners will be 
exactly as though they both stood still. But if the gunner fire from a ship 
standing still, at another under sail, or a sportsman fire at a bird mi tiie 
wing, each should take his aim a little forward of the mark, because the 
■hip and the bird will pass a little forward while the shot is passing to 
them. 



/ 
V 



71. What is resultant motion? Give the examples cf this Und of mo* 
tion. 
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THE PENDULUM. 

72. The Pendulum* consists of a weight or ball sus- 
pended by a rod, and made to swing backwards and 
forwards. 

73. The motions of a pendulum are called its vibra- 
tions, and they are caused by gravitv.t The part of a 
circle through which it moves, is called its arc. 

14. The vibrations of pendulums of equal length, are 

* The pendulum was invented by Galileo, a great attmnoiiier of Flor^ 
ence, in the beginning of the seyenteenth centuiy. Perceiring that tho 
chandeliers suspended from the ceiling of a lofty church Tibrated long and 
with great miiformity, as they were moved by the wind or by any acci- 
dental disturbance, he was led to inquire into the caose of their motioii, 
and this inquiry led to the invention of the pendulum. From, a like appa- 
rently i|uignificant circumstance arose the grreat disoovery of the principle 
of gravitation. During the prevalence of the plague, in the year 1665, 
Sir Isaac Newton retired into the country to avoid the contagion. Sitting 
in his orchard, one day, he observed an apple fall from a tree. His in- 
quisitive mind was immediately led to consider the cause which brought 
the apple to the ground, and the result of his inquiry was the discovery 
of that grand principle of gravitation, which may be considered as the first 
and most important law of material nature. Thus, out of what had been 
before the eyes of men, in one shape or another, from the creation of the 
world, did these philosophers bring the most important results. 

t When a pendulum is raised from its perpendicular position, its weight 
will cause it to fall, and, in the act of falling, it acquires a degree of mo- 
tion which impels it to a height beyond the perpendicular almost as great 
as that to which it was raised. Its motion being thus spent, gravity again 
acts upon it to bring it to its original perpendicular position, and it again 
acquires an impetus in falling which carries it nearly as high on the oppo- 
site side. It thus contumes to swing backwards and forwards, until the 
resistance of the air wholly arrests its motion. In the construction of 
clocks, an apparatus connected with the weight or the spring is made to 
act on the pendulum with such a force, as to enable it to overcome the 
resistance of the air, and keep up a continued motion. 



72 Of what does a pendulum consist ? By whom was the pendulum 
mvented ? What led him to the discovery? By whom was the principle 
of gravitation discovered ? What led him to the discovery T ^ ,^ mem^ 

73 What are the movements of the pendulum culled? Wb» 

by its arc? What causes its vibrations? 
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very nearly egual, whether they move through a greater 
or less part of their arcs. 

In Fig. 23, A B represents a penduliua. 
D F E C the arc m which it vibrates. If the 
pendulum be raised to E it will return to F, 
if it be raised to C it will return to D in 
nearly the same length of time, because that 
in proportion as the arc is more extended, the 
steeper will be its beginnings and endings, 
and, therefore, the more rapidly will it fall. 

75. The time occupied in the vibration of a pendu- 
lum, depends upon its length. The longer the pendu- 
lum, the slower are its vibrations. 

76. The length of a pendulum which vibrates sixty 
times in a minute (or, in other words, which vibrates 
seconds) is about 39 inches. But in different parts of 
the earth this length must be varied. A pendulum to 
vibrate seconds at the equator must be shorter than one 
which vibrates seconds at the poles.* 

77. A clock is regulated by lengthening or shorten 
ing the pendulum. By lengthening the pendulum, the 
clock is made to go slower ; by shortening it, it will go 
faster.f 

* The equatorial diameter of the earth exceeds the polar diameter by 
about 34 miles ; consequently, the poles must be nearer to the oantra of 
the earth's attraction than the equator, and>gravity must also operate with 
greater force at the poles than at the equator. Hence, also, the Ien|{th of 
a peiidulum, to vibrate in any given time, must vary with the latitode <^ 
the place. 

t The pendulum of a clock is made longer or shorter, by means of a 

74. How do the vibrations of pendulums of equal length compare? 
BluBtrate by Fig. 23. 

75. Upon what does the time of the vibrations of a pendulum depend 7 

76. What is the length of a pendulum which vibrates sixty times in a 
minute? Do different situations ajffect the vibrations? How can a pen- 
dulum which vibrates seconds at the equator be made to vibrate seconds 
at the poles? 

77. How is a clock regulated ? What effect has the lengthenmg of the 
pendulum? The shortening? Wliat is a clock? Of what use is the 
weight? V^hat do the wheels show? Why do clocks go slower in sum 
mer than in winter ? How does a watch differ from a clock ? 
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THE MECHANICAL POWEES. 

78. The Mechanical Powers are certain contrivances 
designed to increase or to diminish force, or to alter its 
direction. 

There are five things in mechanics which require a 
distinct consideration^ namely : 

First, the power that acts. 

Secondly, the resistance which is to be overcome by 
the power. 

Thirdly, the centre of motion, or, as it is sometimes 
called, the fulcrum.* 

Fourthly, the respective velocities of the power and 
the resistance ; and. 

Fifthly, the instruments employed in the construction 
of the machine. 

1. The power that acts is the muscular strength of men, or 

screw beneath the weight or ball of the pendolain. The clock itself is 
nothingr more than a pendulum connected with wheel-work, so as to re- 
cord the number of vibrations. A weight is attached, in order to counter- 
act the retarding effect of friction, and the resistance of the air. The 
wheels show how many swings or beats of the pendulum have taken place 
in a given time, because, at every beat, the tooth of a wheel is allowed to 
pass. Now if this wheel have sixty teeth, it will turn round once in sixty 
vibrations of the pendulum, or in sixty seconds ; and a hand, fixed on the 
axis of the wheel projecting through the dial-jrfate, will be the second-hand 
of the clock. Other wheels are so connected with the first, and the num- 
ber of teeth in them is so proportioned, that the second-wheel turns sixty 
times slower than the first, and to this is attached the minute-hand ; and 
the third wheel, moving twelve times slower than the second, carries the 
hour-hand. On account of the. expansion of the pendulum by heat, and 
its contraction by cold, clocks will go ' slower in summer than in winter, 
because the pendulum is thereby lengthened at that season. 

A watch differs from a clock, in having a vibrating wheel instead of a 
pendulum. This wheel is moved by a spring, called the havr-spring. 
The place of the weight is supplied by another larger spring, called the 
main-ftfringm 

* The word fulcrum means a prop, or support. 

78. What are the mechanical powere? How many things are to be 
considered in order to understand the power of a machine ? W a w the 
first? Second? Third? Fourth? Fifth? 
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animals, the weight and momentum of solid bodies, the elastio 
force of steam, springs, the pressure of the nir, &c. 

2. The resistance to be overcome is the attiuction of gravitj^i 
or of cohesion, the inertness of matter, drc. 

3. The centre of motion, or the fulcrum, is the point about 
which all the parts of the body move. 

4. The velocity is the rapidity with which an effect is pro- 
duced. 

5. The instruments are the mechanical powers which enter 
into the construction of the machine.* 

79. There are six mechanical powers, namely, the 
Lever, the Pulley, the Wheel and Axle, the IncUned 
Plane, the Wedge, and the Screw. 

80. The Leverf is an inflexible bar, moveable on a 
fulcrum, or prop. 

There are three kinds of levers, called the first, sec- 
ond, and third kinds, according to the respective position 
of the fulcrum, the power, and the weight. 

81 . In a lever of the first kind, the weight is at one end, 
the power at the other, and the fulcrum between them. 

Fig. 24 represents a lever of the first kind, resting on the 
fulcnmi F, and moveable upon it. W is the weight to be 
moved, and P is the power which 
moves it. The advantage gained in ^- **• 

raising a weight hy the use of this kind 
of lever, is in proportion as the distance 
of the power from Hue fulcrum exceeds 
that of the weight from the fulcrum. 
Thus, in this figure, if the distance 
between P and F be double that be- 

* All machines and instruments are constructed on the principio of 
Bome one or more of the mechanical powers. 

t The lever is made m a great variety of forms, and of many di£&ient 

What is the power that acts ? What is the resistance to be overcome 1 
What is the fulcrum? What is the velocity? 

79. How many mechanical powers are there ? What are they? 

80. What is a lever? How many kinds of levers are there ? How do 
they differ? 

81. What is a lever of the first kind? What figure illustrates this? 
Explain it by the figure. To what is the advantage gained bv this lev«r 
proportional ? 
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tween W and F, tlien a man, by the exertion of a force of 100 
pounds with the lever,- can move a weight of 200 pounds. From 
this it follows that the nearer the power is applied to the end of the 
lever, the greater is the advantage gained. Thus, a neater 
weight can be moved by the same power, when appliea at B, 
than when it is exerted at P.* 

2. The common steelyard, an instrument for weighing arti- 
cles, is constructed on the principle of the lever oi the first 
kind. It consists of a rod or bar, marked with notches to 
designate the pounds and ounces, and a weight which is move- 
able along the notches. The bar is furnished with three hooks, 

materials ; and is mach used in almost every kind of mechanical operation. 
Somotimes it is detached from the fulcrum, hut most generally the fulcrum 
is a pin or rivet hy which the lever is permanently connected with the 
framework of other parts of the machinery. 

* It is a fundamental principle in meehanieif that what is gained tn 
pouter is lost in time. To illustrate this principle, (Fig. 25,) W represents 
the weight, F the fulcrum, P the power, and the 
bar WFP the lever. To raise the weight W to Fig.M. 

Wf the power P must descend tc p. But as the 
radius of the circle in which the power P moTea 
is double that of the radius of the circle in which 
the weight W moves, the arc Vp \a double the 
arc W 10 ; or, in other words, the distance Fp is 
double the distance of W to. Now, as these dis- 
tances are traversed in the same time by the 
power and the weight respectively, it follows, 
that tlie velocity of the power must be double the velocity of the weight ; 
that is, the power must move at the rate of two feet in a second, in order 
to move the weight one foot in the same time. 

This principle applies not only to the lever, but to all the mechanical 
powers, and to all machines constructed on mechanical principles. 

When two weights are equal, and the fulcrum is placed exactly in the 
centre of the lever between them, they will mntually balance each other; 
or, in other words, the centre of gravity bomg supported, neither of the ' 
weights will sink. This is the principle of the common scale for weighing. 

To gain power by the use of the lever, the fulcrum must be placed near 
the weight to be moved, and the power at the greater distance from it 
The force of the lever, therefore, depends on its length, together with 
the power applied, and the distance of the weight from the fulcrum. 

What follows from this? What is meant by an inflexible bar? Note 
What is a fundamental principle in Mechanics? Illustrate this by the 
figure. Does this principle apply to all the mechanical powers ? 




M 
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on th$ lanffesi cf whUh, tke artkU to he weighed it alvayt to U 
hung. Th% other two hooks Benre for the handle of the in- 



Flg. M. 





strument when in use. The pivot of each of these two hoob 
serves for the fulcrum. When suspended by the hook C, as in 
Fig. 26, it is manifest that a poimd weight at E will balance as 
many pounds at W, as the distance between the pivot of D, and 
the pivot of C, is contained in the space between the pivot of 
C and the ring from which E is suspended. 



Fif . 27. 
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8. Th^ same instrument may be used to weigh heavy arti* 
cles, by using the middle hook for a handle, where, as will be 
seen in the figure, the space between the pivot of F (which in 
this case is the fulcrum) and the pivot of D (from which the 
weight is suspended) being lessened, is contained a greater 
number of times in the distance between the fulcrum and the 
notches on the bar. The steelyard is furnished wiUi two sets 
of notches on opposite sides of the bar. An equilibrium will 
always be produced when the product of the weights on the 
opposite sides of the fulcrum into their respective distances 
from it, are equal to one another. 

4. A balance, or pair of scales, is a lever of the first kind, 
with equal arms. Steelyards, scissors, pincers, snufifers, and a 
poker used for stirring the 

fire, are all levers of the p ^^ ^* ^' ^ 

first kind. The longer the 
handles of scissors, pincers, 
&c,, said the shorter 'the 
points, the more easily are 

they used, A compound lever, represented in Fig. 28, consists 
of several levers, so arranged that the shorter arm of one may 
act on the longer arm of the other. Great power is obtained 
in this way ; but its exercise is limited to a very small space. 

82. In a levey. of the second kind, the fulcrum is at 
one end, the po^r at the other, and the weight between 
them. 

1. Let Fig. 29 represent a lever of the second kind. F is the 
fulcrum, P the power, and W the weight. _. 

The advantage gained by a lever of this 
kind is in proportion as the distance of the 
power from tb^a iflicmm exceeds that of the 
weight from the Mcrum. Thus in i^ fig- 
ure, if the distance from P to F, is four times 
the distance from W to F, then a power of 
one pound at P will balance a weight of four pounds at W. 

2. On the principle of this kind of lever, two persons carry- 
Explain the common steelyard in Fig. 26. Also in Fig. 27. What is a 

balance, or pair of scales ? Give some examples of levers of the first kind. 

82. What is a lever of the second kind? What figure illustrates thial 

To what is the advantage gained by this lever proportionan Give some 

examples of levers of the secont} kind. 
^ 3* 
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ing a heavy burden, suspended on a bar, may be made to bear 
unequal portions of it, by placing it nearer to the one than the 
other. 

3. Two horses, also, may be made to draw unequal portions 
of a load, by dividing the bar attached to the carriage in such 
a manner that the weaker horse may draw upon uie longer 
end of it. 

4. Oars, rudders of ships, doors turning on hinges, and 
cutting-knives, which are fixed at one end, are constructed up- 
on the principle of levers of the second kind.* 

83. In a lever of the third kind, the fulcrum is at one 
end, the weight at the other, and the power is applied 
between them. 

1. In levers of this kind the power must always exceed ik 
weight, in the same proportion as the distance of the weight from 
ike fulcrum exceeds that of ike power from the fulcrum, 

2. In Fig. 30, F is the fulcrum, W the weight, and P the 
power between the fulcrum and the weight ; 
and the power must exceed the weight in the ^*' *^ 
same proportion that the distance between W 
and F exceeds the distance between P and F. 

3. A ladder which is to be raised by the 
strength of a man's arms, represents a lever 
of tms kind, where the fulcrum is that end 
which is fixed against the wall : the weight 
may be considered as at the top part of the ladder, and the 
power is the strength applied in raising it. 

4. The bones of a man's arm, and most of the moveable 
bones of animals, are levers of the third kind. But the loss of 
power in limbs of animals is compensated by the beauty and 
compactness of the limbs, as well as the increased velocity of 
their motion. The wheels in clock and watch work, ana in 
various kinds of machinery, may be considered as levers of 

* Jt is on the same principle that, lu raising a wmdow, the band flboold 
be applied to the middle of the sash, as it will then be easily raised ; where- 
as, if the hand be applied nearer to one side than the other, the centre o^ 
gravity being unsupported, will cause the further side to bear against the 
frame, and obstruct its free motion. 




83. What is a lever of the third kind ? In what proportion most the 
power exceed the weight in this lever? Explam Fig. 30. Give some €tx« 
mnples of leven of the third kind* 
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this kind, when the power that moves them acts on the pinion, 
near the centre of motion, and the resistance to be overcome 
acts on the teeth at the circumference. But here the advan- 
tage gained is the change of slow into rapid motion. The sailn 
of vessels are constructed on the principle of the lever.* 

84. The Pulley is a small wheel turning on an axis, 
with a string or rope in a groove running around it. 

There are two Kinds of pulleys — ^the fixed and the 
moveable. The fixed pulley is a pulley that has no 
other motion than a revolution on its axis, and it is used 
only for changing the direction of motion. 

Fig. 31 represents a fixed pulley. P is a small wheel turn- 
ing on its axis, with a string running round it in a 
groove. W is a weight to be raised, F is the force or Fit . «i. 
power applied. It is evident that, by pulling the 
string at F, the weight must rise just as much as the 
string is drawn down. As, therefore, the velocity of 
the weight and the power is precisely the same, it is 
manifest that they balance each other, and that no 
mechanical advantage is gained. But this pulley is 
very useful for changing jtne direction of motion. If, 
for instance, we wish to raise a weight to the top of a 
high building, it can be done with the assistance of a fixed 
pulley, by a man standing below.f A curtain, or a sail, also, 
can be raised by means of a fixed pulley, without ascending 
with it, by drawing down a string running over the pulley. 

85. The moveable pulley diflfers from the fixed pulley 

* It may perhaps assist the memory to retain the relat've positions of 
the weight the power and the fiilcmm in the three kinds oi leveis, if the 
Initials be presented to the eye as follows : 

First kind, W. F. P. 

Second " F. W. P. 

Third « F. P. W. 

t The fixed pulley operates on the same principle as a lever of the first 
kind with equal arms, where the fulcrum being in the centre of grayity, 
the power and the weight are equally distant from it, and no mechanical 
advantage is gained. 

84 What is a pulley? How many kinds of pulleys are there? What 
are they? What is a fixed pulley? Explain Fig. 31. What advantage 
is gained by this pulley? What is the use of this pulley? Upon what 
piindple does the fixed pulley operate? 
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by being attached to the weight ; it therefore rises and 

falls with the weight. 

Fig. 32 represents a moveable pulley, with the ■Pi&^ 
weight W attached to it by a hook below. One 
end of the rope is fastened at F ; and as the power 
P draws the weight upwards, the pulley rises with 
the weight. Now, in order to raise the weight one 
inch, it IS evident that both sides of the string must 
be shortened ; in order to do which, the power P 
must pass over two inches. As the velocity of the 
power is double that of the weight, it follows that 
a power of one pound will balance a weight on the 
moveable pulley of two pounds. 

86. The power gained by the use of pulleys is ascer- 
tained by multiplying the number of moveable pulleys 
by 2* 

1. A weight of 72 pounds may be balanced by a power of 
9 pounds with four pulleys ; by a power of 18 pounds with 
two pidleys ; or by a power of 36 pounds with one puUey. 
But in each case the space passed over by the power must be 
double the space passed over by the weight, mmtiplied by the 
niunber of moveable pidlcys. That is, to raise the weight one 
foot, with one pulley, the power must pass over two feet, with 
two pulleys four feet, with four pulleys eight feet. 

2. Fig. 33 represents a system of fixed and moveable pulleys 
In the block F, there are four fixed pulleys, and 
m the block M there are four moveable pulleys, 
all turning on their common axis, and rising and 
falling with the weight W. The moveable piJleys 
are connected with the fixed ones by a stnng at- 
tached to the hook H, passing over the alternate 
grooves of the pulleys in each block, forming 
eight cords, and tennina^iDg at the power P. 
Now to raise the weight .<jn^ foot, it is evident 
that each of the eight cor4s must be shortened 
one foot, and, consequently, that the. power P 
must descend eight times that distance; . The 

* This rule applies only to the moveable pulleys in the same block. 

85. How does the moveable pulley differ from the fixed pulley? El- 
plain Fig. 32. 

86. How can the power gained by the use of the moveable pulley be afl- 
tertainod? What illustration of this is given ? Whatdoes Fig. 33 represent 1 
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power, therefore, most pass orer taghi times tlie dktmce thai 
the weight moves. 

87. Pulleys act on the same principle with the lever, 
the deficiency of the strength of the power being com- 
pensated by its superior velocity. 

Now, as we cannot increase our natoral strength, but can 
increase the Telocity of motion, it is evident thai we are 
enabled, by pulleys and other mechanical powers, to reduce 
the resistance or weight of any body to the level of oor 
strength. 

1. Practical use of Pulleys. Pulleys are nsed to raise goods 
into warehouses, and in ships, &c. to draw up the sails. Both 
kinds of pulleys are in these cases adyantageonsly applied ; for 
the sails are raised up to the masts by the sailors on deck, by 
means of the fixed pulleys, while the kibor is facilitated by the 
mechanical power of the moveable ones. 

2. Both fixed and moveable pulleys are constmcted in a great 
variety of forms, but the principle on which all kinds are con- 
structed, is the same. What is generally called a tackle and 
fall, or a block and tackle, is nothing more than a pulley. 
Pulleys have likewise lately been attached to the harness of a 
horse, to enable the driver to govern the animal with less 
exertion of strength. 

3. It may be observed, .in relation to the mechanical powers 
in general, that power is always gained at the expense of time 
and velocity; that \a, the same power which will raise one 
pound in one minute, will raise two pounds in two minutes, six 
pounds in six minutes, sixty poimds in sixty minutes, <kc ; and 
that the same quantity of force used to nuse two pounds one 
foot, will raise one pound two feet, <&c. And, further, it may 
be stated that the product of the weight, multiplied by the 
velocity of the weight, will always be equal to tl^e product of 
the power multiplied by the velocity of the power. Hence 
we have the following nde. 7%e power is in the same propor* 
iion to the weight as the velocity of the weight is to the velocity 
of the power, 

87. Upon what principle do pulleys act? What advantage is gained 
by the use of pulleys and other mechanical powers ? What are some of 
the practical uses of the pulley? What is a tackle and fall? Is there 
any time or velocity gained by the power in the mechanical jwiwera ? To 
what is the product of the weight, multiplied by its velocity, always equal 7 
What rule is given 7 
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88. The wheel and axle consiBta of two trheela of 
diflerent sizes, revolving together around the same eon- 
tre of motion. 

The place of the smaller ivheel ia geDerally supplied 
by a cylinder ,• which forms the axle. 

1 . The wheel and axle, thongh mode in many fortna, will eask 
be understood by inspecting Tigs.. S 4 and 35. In Fig. 34, F 
represents the latter wheel, 

where the poweris applied ; 
C the smaller wheel or "^ **• 

eylinder, which is the axle, 
and W the weight to be 
raised. Tbt advantage gain- 
ed M in proportion lu fA« 
eircum/erence of the wheel ia 
greater than tliat of the axle. 
That is, if the circumference 
of the wheel be six tunes 
the drcumference of the 
axle, then a power of one 
pound applied at the wheel 
will balance a power of wx 
pounds on the axle. 

2. SometJmes the axle is 
constructed with a winch or 

handle, as in Fig. 36, and sometimes the wheel has project- 
ing spokes, as in Fig. 31. 

a. The principle upon which the wheel and axle is con- 
structed is the same with that of the other mechanical powers, 
the want of power being compensated by velocity. It is 
evident (from the Figs. 34 aad 35) that ^e velocity of the 
circumference of the wheel is as much greater than that of 
the axle as it ia further from the centre of motion ; for Om 
vbeel describes a great circle in the same tjme that the 




6S Of what don tliswhed ani axle eeiuMI Wbsl i> a oylindsrt 
What figorea itliutraM the wheel and nxleT Bxplam. To what ia Ul» 
■draDtage gained in proportion T What dooa Rg. 34 reprtwent ? Fig. 35 T 
Upon what principle it (ho wheel and a^e cotutraeted 1 Gsptaia hy Rgb 
34 and 35. 
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axle describes a nnall one ; 
therefore the power is in- 
creased in the same pro- 
portion as the circnmifer- 
ence of the wheel is greater 
than that of the axle. If 
the velocity of the wheel be 
twelve times greater than 
that of the axle, a power 
of one pound on the wheel 
will support a weight of 
twelve pounds on the axle. 

89. The ^heel and axle are constructed on the same 
principle with the lever; the axle acting the part of the 
shorter arm of the lever, the wheel that of the longer 

arm. 

1. The capstan,* on board of ships and ether vessels, k 
constructed on the principle of the wheel and axle. It consists 
of an axle placed uprightly, with a head or dmm, pierced with 
holes for the lever, or levers, which supply the place of the 
wheel. 

2. Windmills, lathes, the common windlass,* used for draw- 
ing water from wells, and the large wheels in mills, are all con- 
structed on the principle of the wheel and nxle. 

3. Wheels are a very essential part to most machines ; th^ 
are applied in different ways, but when affixed to the axle thenr 
mechanical power is always in the same proportion ; that is, as 
the circimifcrence of the wheel exceeds that of the axle, so 
much will the power be increased. Therefore the lai^ger the 
wheel and the smaller the axle, the greater will be the power 
obtained. 

4. Fly-wheels are heavy wheels used to accumulate power 

* The difference between a capstan and a windla« lies only in the 
position of the wheeL If the wheel torn horizontally it ia called a cap- 
stan ; if vertically, a windlass. 



89. Upon what principle are the wheel and axle constructed? Explain 
how Upon what principle is the capstan on board of veerols constructed? 
Of what does it consist? What other things are mentioned as constructed 
upon this principle? Are wheels an essential part to most »nachin^J Are 
they applied in more than one way? When they are affixed to atle, 
in what proportion is the power increased 7 ^ 
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and diatribnte it eqnallv among all the | 
They are caused la revolve by a force uiplifl 
and when once set in mgtion coniinue by ItMorfl 
for a long time. As their moiioa 'n steady anda 
jerks, they xrve to steady the powi ' 

work with reguLuity. 

5. Cranks are sometimes connected with \ 
wheel, cither to gi 

by bending the axle in such a manner as to fori 
four right angles facing in ditferent directions, ■ 
is represented in Fig. 30. This is seen in IsUio^ 
and many other kinds of macliinery. Cranks ai 
often used to change tlie motion from r 
to circulnr, or from circular to rectiline^ir. 

0. In connexion with the wheel and aile, i) 
mention tlie subject of complex wheel-work, 
been atatod that, the vclocilj- of the wheel it 
of the axle ; and that this velocity is in _ 
relative size of the wheel conipared with t 
Advantage is taken of this circumstance in th 
machinery, by such an arningement of the pai 
us to increase or lessen tlie speed at plea 
evident that if the power be applied to the axle, a 
attached to the wheel, rapid motion mil be prodnJ 
the contrary, if the power be applied to the WM 
machinery to the aile, slow motion will be prodnq, 
7. Fig. 37 represents four wheels with their I 
wheel acting on the a.ile of the adjoining 
wheel. F ia the power applied to the 
axle of the wheel d. Now, supposing the 
circumference of each whool to be six times 
the circumference of each axle, it is evident 
that each time the wheel d revolves it must 
cause the wheel e to make six revolutions, 
because the circumfRrence of the wheel d ia" 

What ara fly-wlierls, i 
torevoliB? When once 
■nine timal Of wital aorricD nte thoy in a mucliiiieT Fori 
cranki •omutlmM rojinpolr-il with Uie anio of awheolT How] 
nudoT What dmf Fijr. .Hi ipprcwutT For what us cianba otb 
How (ton tho Vftocity uf tin- wlicrr coininro with that of the u 
what <• this vi-l'><;ily in [m.|Kjrlion7 Is any advautngo token o 
tbiviog niac]iiurry wlicm tlu' iipcDil ia to bo iucniBwd oi dimioiiht 



vhnt oro the]' ueodl How a] 
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pieces of flat glass, jmned together at one ade, and sepantal 
%i the other hv a thin strip of wood, eard, or other substanoa 
When thus prepared, immerse the glasus in col<x«d vateff 
havin;;^ previously wet the inner surface. The water will tha 
rise between the piecfs of glass, forming a beaatiful evant, 
the higher part appearing where the pieces of glass are in 
contact. This Is exemplified by the glass phites in the "Bos- 
Ion School Set.*' 

101. The level, or equilibrium of fluids, is the tendency 
of the particles so to arrange themselves that every 
part of the surface shall be equally distant firom the 
centre of the earth ; that is, from the point to which 
gravity tends. 

All fluids have a tendency to preserve this equilibrinm. 
Hence tlie surface of all fluids, when in a state of rest must 
partake of the spherical form of the earth. This level or 
e^iuilibrium of fluids is the natural result of the independent 
gravitation of each particle. The particles of a solid body 
hf;'mfr united by cohesive attraction, if any one of them be 
supported, it will uphold those also with which it is united. 
But when any particle of. a fluid is unsupported, it is attracted 
down to the level of the surface of the fluid ; and the readiness 
with which fluids yield to the slightest pressure will enable the 
particle by its own weight, to penetrate the surface of the fluid 
and mix with it. 

102. Fluids of diflferent densities all preserve their 
own equilibrium. 

Jf a (iuantity of mercury, water, oil, and air, be put into the 
Harne vcHsel, they will arraiij^e themselves in the order of thdr 
HfXiciiic gravities. Tlic mercury will sink to the bottom, the 
water will Htaiid above the mercury, the oil above* the water, 
and tlu) air above the oil ; and the surface of each fluid wiH 
jmrtiike of the Hpherical form of the earth, to which they all 
njHpoclively gravitate. 

lOU. A wator-lovel is an instrument constructed on the 

•■ ...... - 

101. WImt IN iiiomit by tho lovol or equilibrium of fluids? Have aU 
HiiIiIh 11 iriiddiiry t(» prnHftrvo tliiH flqiiilibrium ? What follows from thp? 
Of ivhiit In thiM Invd or <M|iiitibriiiiii of fliiitlH tho natural result? Hoif does 
did Knivitittiuii of Holid ImnIh^m iliU'rr from tliiit of fluids? 

lO'J. Do IIiiIUn of ilifrrrniil doiiHitipH ull proHorve their own eqoilibriamT 
What illiiMtnition in ((Ivimi to provM IIiin / 
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principle of the equilibrium of fluids. It consists of a 
glslss tube, partly filled with water, and closed at botl^ 
ends. When the tube is not perfectly horizontal, — 
that is, if one end of the tube be lower than the other, — 
the water will run to the lower end. By this means the 
level of any line to which the instrument is applied may 
be ascertained. 

Fig. 50 represents a water-leveL AB 
is a glass tube partly filled with water. C 
is a bubble of air occupying the space not 
filled by the water. When both ends of 
the tube are on a level, the air-bubble will remain in the cen- 
tre of the tube ; but if either end of the tube be depressed, 
the water will descend and the air-bubble will rise. The glass 
tube when used is generally set in a wooden or a brass box. 
It is an instrument much used by carpenters, masons, sur- 
veyors, (fee. 

104. Solid bodies gravitate in masses, their parts 
being so connected as to form a whole, and their weight 
may be regarded as concentrated in a point called the 
centre of gravity ; while each particle of a fluid may be 
considered as a separate mass, gravitating independently. 

It is for this reason that a body of water, in falling, does 
less injury than a solid body of the same weight. But if the 
water be converted into ice, the particles losing their fluid 
form, and being united by cohesive attraction, gravitate united- 
ly in one mass. 

105. Fluids not only press downwards like solids, but 
also upwards, sidewise,* and in every direction. 



* If the particles of fluids were arranged in pig. 51. 

regular columns as in Fig. 51, there would be /"Y^/'V^ Fig. 5S. 
no lateral pressure; for when one particle is 
perpendicularly above the other, it can press 
only downwards. But if the particles be ar- 




& 



103. Upon what principle is a water-level constructed ? . Of what does 
it consist? For what is it used? What* figure represents a water-level? 

Explain the figure. 

104. In what manner do solid bodies gravitate? What is the centre of 
gravity? What effect has gravity on the particles of fluids? 

105. How is the pressure of fluids exerted ? 
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So long as the equality of pressure is undisturbedi 
•very particle will remain at rest. If the fluid be dis^ 
turbed by agitating it, the equality of pressure will be 
disturbed, and the fluid will not rest until the equilibrium 
is restored. 

1. The downward pressure of fluids is shown by making an 
aperture in the bottom of a vessel of water. Every partide 
of the fluid above the aperture will run downwards through 
the opening. 

2. The lateral pressure is shown by making the aperture at 
the side of the vesseL The fluid will then escape through tlie 
aperture at the side. 

3. The upward pressure is shown by taking a glass tube, 
open at both ends, inserting a cork in one end, (or stoppii^it 
with the finger,) and immersing the other in the water. The 
water will not rise in the tube. But the moment the cork is 
taken out, (or the finger removed,) the fluid will rise in the 
tube to a level with the surrounding water. 

106. The pressure of a fluid is in proportion to the 

Serpendicular distance from the surtace ; that is, the 
eeper the fluid the greater will be the pressure. This 
pressure is exerted in every direction, so that all the 

J)arts at the same depth press each other with equal 
brce. 

1. A bladder, filled with air, being immersed in water, will 
be contracted in size, on account of the pressure of the water 

ranged as in Fig. 52, where a particle presses between two parUcles be- 
neath, these last must sufier a lateral pressure. In whatever manner the 
particles are arranged, if they be globular, as is suppoed, there most be 
■paces between them. See Fig. 1, page 20. 



How long will the particles of fluids remain at rest? Explain Fig. 51. 
What does Fig. 52 represent? If the equality of the pressure be undkh 
turbed, what will follow? If the fluid be agitated, when will it again come 
to a state of rest ? How is the downward pressure of fluids shown 7 The 
lateral pressure? The upward f^ressure? 

106. To what is tlie pressure of a fluid in proportion ? In what direc- 
tion is this pressure exerted? What illustrations are given to prove this? 
Why can a bottle, filled with water, or any other liquid, be let down to 
any depth without injury ? 
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in all directions ; and the deeper it is immersed, the more will 
it be contracted. 

2. An empty bottle, being corked, and by means of a weight 
let down to a certain depth in the sea, wiU either be broken by 
the pressure, or the cork will be driven into it, and the bottle 
be filled with water. This will take place even if the cork be 
secured with wire and sealed. But a bottle filled with water, 
or any other liquid, may be let down to any depth without 
damage, because, in this case, the internal pressure is equal to 
the external.* 

* " Experimentt at sta, — We are indebted L a friend, who has jart ar- 
lived from Europe, says the Baltimore Gazett'' for the following esqteri- 
ments made oa board the Charlemagne : 

" 26th of September, 1836, the weather being calm, I corked an empty 
wine-bottle, and tied a piece of linen over the cor^ ; I then sank it into 
the sea six hundred feet ; when drawn immediately op again, the cork was 
inside, the linen remained as it was placed, and the bottle was filled with 
water. 

** I next made a noose of strong twine around the bottom of the cork, 
which I forced into the empty bottle, lashed the twine securely to the neck 
of the bottle, and sank the bottle six hundred feet Upon drawing it iqi 
immediately, the cork was found inside, having forced its way by the twine, 
and in so doing had broken itself in two pieces ; the bottle was filled with 
water. 

" I then made a stopper of white pine, long enough to reach to the boU 
torn of the bottle ; after forcing this stopper into the bottle, I cut it off about 
half an inch above the top of the bottle and drove two wedges, of the same 
wood, into the stopper. I sank it six hundred feet, and upon drawing it 
up immediately the stopper remained as I placed it, and there was about 
a gill of water in the bottle, which remained unbroken. The water must 
have forced its way through the pores of the wooden stopper, although 
wedged as aforesaid ; and had the bottle remained sunk long enough, there 
is no doubt that it would have been filled with water." 

Similar experiments were made by the author of this work, in a voyage 
to the West Indies in the year 1839, first with an empty bottle and then 
with a bottle filled with water from the tanks on the deck ; in both cases 
the bottle being closely stopped and the cork covered with canvass. The 
empty bottle was drawn from a depth of six hundred feet filled with water, 
and the full bottle with brackish water, the water from the tank having 
been compressed, and water from the depths of the ocean mixing with it 

It is the opinion of some philosophers, that the pressure at very great 

What experiment is mentioned in the note? What opinion have some 
philosophers expressed '' 
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107. From what has now been stated, it appears that 
the lateral pressure proceeds entirely from the pressure 
downwards, or, in other words, from the weight of the 
liquid above ; and that consequently the lower an orifice 
is made in a vessel containing water or any other liquid, 
the greater will be the force and velocity with which 
the liquid will rush out. 

Fig. 53 represents a vessel of water, 
with orifices at the side at different dis- 
tances from the surface. The different 
curves in the figure, described by the liquid 
in running out of the vessel, show the ac- 
tion of gravity and the effects produced 
by the force of the pressure on the liquid 
at different depths. At A the pressure is the least, because 
there is less weight of fluid above. At B and C the fluid is 
driven outwards by the weight of that portion above, and the 
force will be strongest at C. 

108. As the lateral pressure arises solely from the 
downward pressure, it is not aflTected by the width nor 
the lenffth of the vessel in which it is contained, but 
merely W its depth ; for as every particle acts indepen- 
dently of the rest, it is only the column of particles above 
the orifice that can weigh upon and press out the water. 

109. The lateral pressure on one side of a cubical ves- 
sel will be equal only to half of the pressure downwards ; 
for every particle at the bottom of the vessel is pressed 
upon bv a column of the whole depth of the fluid, 
while the lateral pressure diminishes from the bottom 
upwards to the surface, where the particles have no 
pressure. 

depths of the sea is so great, that the water is condensed into a soh'd state ; 
and that at or near the centre of the earth, if the fluid could extend so 
deeply, this pressure would convert the whole into a solid mass of fire. 



107. What causes the lateral pressure ? What follows from this? Ex- 
plain Fig. 53. 

108. Does the length or the width of the vessel inwhich a fluid is con- 
tained have any effect upon the lateral pressure ? By what is it affected? 

109. How does the lateral pressure on one side of a cubical vessel com- 
pare with the pressure downwards ? How would you explain this? 
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110. The upward pressure of fluids, although ap* 
parently in opposition to the principles of gravity, is but 
a necessary consequence of the operation of that princi- 
ple ; or, in other words, the pressure upwards as well as 
the pressure downwards is caused by gravity. 

When water is poured into a vessel with, a spout, (like a 
tea-pot, for instance,) the water rises in the spout to a level 
with that in the body of the vessel. The particles of water at 
the bottom of the vessel are pressed upon by the particles 
above them, and to this pressure they will yield, if there is 
any mode of making way for the particles above them. As 
they cannot descend through the bottom of 
the vessel they will change their direction ^' ^ 

and rise in the spout. Fig. 54 represents a 
tea-pot, and the columns of balls represent 
; the particles of water magnified. From an 
inspection of the figure it appears that the 
particle numbered 1, at the bottom, will be 
pressed laterally, by the particle numbered 2, and by this 
pressure forced into the spout, where meeting with the particle 
3 it presses it upwards, and this pressure will be continued 
from 3 to 4, from 4 to 5, and so on till the water in the spout 
has risen to a level with that in the body of the vessel. If 
water be poured into the spout the water will rise in the same 
manner in the body of the vessel ; from which it appears that 
the force of pressure depends entirely on tlie height, and not on 
the length or breadth of the column of fluid, 

111. One principle in hydrostatics, is so remarkable, 
that it is named the hydrostatic paradox. It is this. 
That any quantity of fluid, however small, may he made 
to balance and support any other quantity, however 
large. 



110. What causes the upward and downward pressure? Illustrate this 
by Fig. 54. 

111. Upon what does f'le force of pressure depend ? What is meant by 
the hydrostatic paradox 1 What is the use of the hydrostatic bellows? 
What figure represeuU the hydrostatic bellows? Explahi the figure. 
What is the fundamental principle of Mechanics? Is this ihe principle 
of the hydrostatic bellows ? 

4* 
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Fig,m. 




Fig. 65 represents the hydrostatic bellows.* 
A B IS a lon^ tube, one inch square. C D E F 
are the bellows, consisting of two boards, 
eifj/ht inclien square, connected by broad pieces 
of leiithcr, or india-rubber tloth, in the man- 
ner of a pair of common bellows. One pound 
of water poured into the tube will raise 64 
pounds on the bellows. If a smaller tube be 
used the same quantity of water will fill it 
higher, and consequently will raise a greater 
weight ; but if a larger tube be used it will of g 
course not fill it so high, and consequently 
will not raise so great a weight ; because it 
is the height not the quantity which catises the 
pressure,\ 



* This 18 the fonn of the Hydrostatic bollown in the original ** Boston 
School Set" By means of a straight jet substituted for the tobe, it wtf 
designed to illustrate a principle in Hydraulics also. 

t The Hydrostatic bellows may be coustructed in a variety of fbniii» 
the simplest of which consists, as in the figure, of two boards connected 
together by broad pieces of leather, or india-rubber cloth, in each a man- 
ner as to allow the upper board to rise and fall like the common beUows. 
A perpendicular tube is so adjusted to this apparatus, that water poured 
into the tube, passing between the boards, will separate them by its up- 
ward pressure, even although the upper board is loaded with a considerable 
weight 

[N. B. A small quantity of water must be poured into the bellows to sep- 
arate the surfaces before they are loaded with the weight] 

The force of pressure exerted on the bellows by the water poured 
into the tube, is estimated by the comparative size of the tube and the bel- 
lows. Thus, if the tube be one inch square, and the top of the bellows 
twelve inches, thus containing 144 square inches, a pound of water poured 
into the tube will exert a pressure of 144 pounds on the bellows. Now it 
Will be clearly perceived that this pressure is caused by the height of the 
column of water in the tube, A pound, or a pint of water will fiU the 
tube 144 times as high as the same quantity would fill the bellows. To 
raise a weight of 144 pounds on the bellows to the height of one inch, it 
will be necessary to pour into the tube as much water as would fill the 
tube were it 144 inches long. It will thus be perceived that thefunda- 
mental principle of the laws of motion is here also in full force ; namely, 
that what is gained in power is lost either in time or in space; for, 
while the water in the bellows is rising to the height of one mch, that in 
the tube passes over 144 inches. 



u 
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fig. 66 b Hn appaistDB*tod)OwUist%i(Mltj)nMdm>nttv 
to the hfiffkt and not 

the quantity. A and "* •• 

B are two vessels of 
unequal ^e but of 
the same length. 
These may eucccs- 
eively he screwed to 
the apparatus and 
filled with water. 
Weichts mi 
be added to 
pended scale un- 
til the pressure is 
counterbalanced. It 
will then he per- 
ceived that al- 
though A is ten 
times larger than B, 
the water will stand 
at the same height 
'41 both, heeaute they 
«tead of A " " 
tellows. 




of the same length. If C be u«d in- 
the apparatus may be used as the hydrostatio 



112. If water be confined in any vessel, and a pressure 
. to any amount be exerted on a square inch of* that 
water, a pressure to an equal amount wi'l be transmit- 
ted to every square inch of the surface of the vessel in 
which the water is confined.f 

■ Thii spparatns, \x\aapag to the " Beaton Pohool Set," nnitM aia^ 
plicity with couTenience. Imtead of two bcHuib, connected with leKther, 
an india-iubber bag is placed between two boatds, and the boaidi an 
made to rise or (hII bs the watsr rami iota or out of the bog. It a an ap- 
paiatns saiiily repaiied, sad the bag may also be nsed for gas, or for ei- 
perimenli in Pnenmatics. 

t This property of fluida eeenu to invert m with a power of increeaing 
the iateoaity O." a preaaure ewrted by a comparatively amall force, wilbont 
any other limit than that of the atrength of the materiala of which the eu- 
gine ilaelf ia cooBtrncled. It alao enablea oa with great facility to liannmt 

112. What fact ii meutioned in thia nnmbei with regwd to tbo P«fc 
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1. It is upon thu principle that Bramah's hy drosta& mim 
represented in Fig. 57, is constructed. The m«ic tvKtarmd 
this nppurutua are 

85 follows : a is a 

nnrrow and A a **»• w 

' large metallic cyl- 
inder having com- 
mimicHtion one 
with the other. 
Water stands in 
both the cylin- 
ders. The piston 
S carries a strong 
head P, which 
works in a frame 
opposite to a simi- 
lar plate, R. Be- 
tween the two 
plates the sub- 
stance W to be 

compressed is placed. In the narrow tube a is a piston p, 
worked by a lever cbd, its short arm cb driving ttie piston, 
while the power is- appKed at d. The pressure exerted bj 
the small piston p on the water at a is transmitted with equal 
force throughout the entire mass of the fluid, while, the surface 
at A presses up the piston S with a force proportioned to its 
area. For instance, if the cylinder a of the force-pump has 
an area of half an inch while the great cylinder has an 
area of 200 inches, then the pressure Of the water in the lat- 
ter on the piston S, will be (1 lialf inch multipLed by 400 
half inches) equal to 400 times tliat on p. 

2. Next, suppose the arms of the lever to be to each other 
as 1 to fiO, and that at d, the extremity of the longer arin, k 

the motioii and farce of ma mnchiue to that of another, in case* whera IomI 
cireumataocM preclude the ponnbility of inslitutiDg any ordiaarj mechan- 
ical connecUan between tbe two machiiies. Thus, merely by msam of 
Water-iupea, the force of a machine tnay be trHQemitted to any distanco. 
and over inequaUlIeg of ground, or through any other obstiuctiona. 




Upon what principle a Bramah'a hydrostalic press conitmctedl What 
figure repreaenta thisi Explain the figure. To what uses is this pnaa 
applied I 
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nian works with a force of 50 pounds, the piston p will con- 
sequently descend on the water with a force of 2000 pounds. 
Deducting \ for the loss of power caused by the different im- 
pediments to motion, and one man would still be able to exert 
a force of three quarters of a million of pounds by means 
of this machine. This press is used in pressing paper, cloth, 
hay, gunpowder, &c. ; also in uprooting trees, testing the 
stiength of ropes, <fec. 

113. A fluid specifically lighter than another fluid will 
' float upon its surface.* 

114. A body specifically lighter than a fluid will sink 
in the fluid until it has displaced a portion of the fluid 
equal in weight to itself. 

If a piece of cork is placed in a vessel of water, about one 
third part of the cork will sink below, and the remainder will 
stand above the surface of the water; thereby displacing a 
portion of water equal la bulk to about a third part of the 
cork, and this quantity of water is equal ia weight to the whole 
of the cork ; because the specific ^avity of water is about 
three times as great as that of cork.f 

* The slaves in the West Indies, it is said, steal rum by inserting the 
long neck of a bottle, fuU of water, through the top aperture of the rum- 
cask. The water falls out of the bottle into the cask, while the lighter 
rum ascends in its stead. 

t It is on the same principle that boats, ships, &c., although compkwed 
of materials heavier than water, are made to float From their peculiar 
shape, they are made to set lightly on the water. The extent of the sur- 
face presented to the water counterbalances the weight of tl^e materials, 
and the vessel sinks to such a depth as will cause it Ui displace a portion 
of water equal in weight to the whole weight of the vessel. From a knoi^I- 
edge of the specific gravity of water, and the materials of which a vessel 
is composed, rules have been formed by which to estimate the tonnage of 
vessels ; that is to say, the weight which the vessel will sustain without 
anking. 

113. When will one fluid float upon another? 

114. What is stated with regard to a body specifically lighter than a 
fluid? What illustration is given of this? How do the specific gravities 
of water and cork compare with each other? Upon what principle is it 
that boats, ships, &c., are made to float upon the water? What rules 
have been formed from the knowledge of the specific gravity of water and 
the materials of which vessels are composed? 
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115. The standard which has been adopted to estimata 
the specific gravity of bodies, is rain or distilled water.* 

Taking a certain (quantity of rain or distilled water, we^ 
that a quantity of gold, equal in bulk, will weigh nearij 
twenty times as mucli as the water ; of lead, nearly twelve 
times as much ; while oil, spirit, cork, &c,, will weigh less than 
the water.f 

* Aa heat expands and cold condenBes all metab, their qieeific graTity 
cannot be the same in summer that it is in winter. For this reason they 
will not servo as a standard to estimate the specific gravity of other bodieii 
The reason that distilled water is used is, that spring, well, or river water 
k seldom perfectly pure ; and the various substances mixed with it uShcX 
its weight. The cause of the ascent of steam, or vapor, may be foand ffl 
its specific gravity. It may here be stated that rain, snow, and bail aro 
formed by the coiidensatiou of the particles of vapor in the upper regiooi 
of the atmosphere. Fine watery particles coming within the sphere of 
each other*8 attractions, unite in the form of a drop, which being heaviei 
than the air, fails to the earth. Snow and hail difiler from rain only in the 
dificreut degrees of temperature at which the particles unite. When rain, 
snow, or hail fall, port of it reascends in the form of vapor, and fonns 
clouds ; part is absorbed by the roots of vegetables, and part deecends into 
tlie earth and forms springs. The springs form brooks, rivulets, rivers, Ac, 
and descend to the ocean, where being again heated by the sun, the water 
risiug in the form of vapor, again forms clouds, and again descends in rain, 
snow, hail, &c. The specific gravity of the watery particles which con- 
stitute vapor, is less than that of the air near the surface of the earth; 
they will, therefore, ascend until they reach a portion of the atmosphere of 
the same specific gravity with themselves. But the constant accession of 
fresh vapor from the earth, and the loss of heat, causes several particles to 
come within the sphere of each other^s attraction, as has been stated above* 
and they unite in the form of a drop, the specific gravity of which beii^ 
greater than that of the atmosphere, it will fall in the form of rain. Water, 
as it descends in rain, snow, or hail, is perfectly pure, but when it has 
fallen to the earth, it mixes with the various substances through which it 
passes, which gives it a species of flavor, without affecting its transparency. 

t The following table shows the specific gravity of the substances there- 
hi mentioued. It is to be understood that all substances whose qiocifio 
gravity is greater than water, will sink when unmersed in it, and that all 



115. What standard has been adopted to estimate the specific gravity of 
substances in general? Why tvould not metals have been adopted ? Why 
IS distilled water used? What bodies will sink when immened in water? 
What will float? 
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116. The specific gravity of bodies that will sink in 
water is ascertained by weighing them first in water, 
and then out of the water, and dividing the weii^ht out 
of the water by the loss of weight in water. 

1. Fig. 58 represents the scales for as- 
certaining the specific gravity of bodies. 
One scale is shorter than the other, and 
a hook is attached to the bottom of the 
scale to which substances, whose speci- 
fic gravity is sought, may be ^attached 
and sunk in water. 

2. Suppose a cubic inch of gold 
ounces when weiirhdd out 



weijjhs 19 




23. lbs. 


Chalk, - - - 


1.793 lbs. 


Living men, - 


.SOllbs. 


19.640 " 


Coal, - - - 


1.250 •* 


A»h, - - - - 


.800 ♦• 


14.019 '* 


Mahogany, • 


1.063 " 


Beech, - - - 


.700 " 


11.525 •* 


Milk, - - - 


1.034 ** 


Elm, .... 


.600 «* 


11.091 '* 


Box-wood, • 


1.030 »• 


Fir, .... 


.500 " 


9.000 •* 


Rain water, - 


1.000 " 


Cork, - - - . 


.240 * 


7.645 '« 


Oil, - - - - 


.920 " 


Common air, > 


.0011" 


3.000 " 


Ice, - - - - 


.908 " 


Hydrogen gas, 


.000105 


2.705 •* 


Brandy, - - 


.820 « 







whoee specific gravity is less than that of water, will float in it Let vm 

then take a quantity of water which will weigh exactly one pound ; a 

quantity of the substances specified in the table, of the same btdk, will 

weigh as follows: 

Platinum, 
Fine Gold, 
Mercury, 
Lead, - - 
Silver, 
Copper, - 
Iron, - - 
Glass, - . 
Marble, • 

A cubic foot of water weighs oue thousand avoirdupois ounces. By 
multiplying the number opposite to any substance in the above table by one 
thousand, we obtain the weight of a cubic foot of that substance, in ounces. 
Thus, a cubic foot of platinum is 23000 ounces in weight 

In the above table it appears that the specific gravity of living men if 
about oue ninth less than that of common water. So long, therefore, as the 
lungs can bo kept free from water, a person, although unacquainted with 
the art of swimming, will not completely sink, provided the hands and arms 
be kept under water. 

The specific gravity of sea water is greater than that of the water of 
lakes and rivers, on account of the salt contained in it On this account 
the water of lakes and rivers has less buoyancy, and it is more difiiult to 
iwim in it 



What is the weight of a cubic foot of water? What is the use of the 
above table ? How does the specific gravity of living men compare with 
that of water? Which is the greater, the specific gravity of sea water, 
of lakes and rivers ? Why'' 

116. How is the specific gravity of bodies that will smk in water 
iained? What illustration is given? Explain Fig 58 



or 
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of the water, and but 18 ounces* when weighed in Water— the 
loss in water is one ounce. The weight out of water, 19 
ounces, being divided by one (the loss in water) gives 19. 
The specific gravity of gold, tben, would be 1 9» or, in other 
words, gold is nineteen times heavier than water. 

117. The specific gravity of a body that "will not sink 
in water, is ascertained by dividing its weight by the 
sum of its weight, added to the loss of weight which 
it occasions in a heavy body previously bsUanced in 
water.f 

* The gold will weigh les in the water than out of it, on accoimtof the 
upward pressure of the particles of water, which in some measure mqiports 
it, and by so doing diminishes its weight Now, as the upward pressme 
of these particles is exactly sufficient to balance the downward presBore of 
a quantity of water of exactly the same dimensions with the gold, it kl- 
lows that the gold will lose exactly as much of its weight in water, at a 
quantity of water of the same dimension^ with the gold will weigh. And 
this rule applies to all bodies heavier than water, that are immened 
in it They will lose as much of their weight in toater at a fnoa- 
tity of water of their own dimensions weighs. All bodies, therefore, of 
the same size, lose the same quantity of their weight in water. Hence, 
the specific gravity of a body is the weight of it compared viith thtt 
of water. As a body loses a quantity of its weight when immened in 
water, it follows that when the body is lifted from the water, that portion 
of its weight which it had lost will be restored. This is the reason that 
a bucket of water, drawn from a well, is heavier when it rises above the 
surface of the water in the well, than it is while it remains below the sni- 
face. For the same reason our limbs feel heavy in leaving a bath. 

t The method of ascertaining the specific gravities of bodies was dis- 
covered accidentally by Archimedes. He had been employed by the king 
of Syracuse to investigate the metals of a golden crown which he sospect^ 

Why will gold weigh less in the water than out of it ? How does diis 
upward pressure of the particles compare with the downward pressare at 
a quantity of water of the same dimensions? What follows from this? 
W^hat rule is given with regard to all bodies heavier than water that aw 
immersed ui it? What is the specific gravity of a body? VHiat is the 
reason that a bucket of water, drawn from a well, is heavier when it 
rises above the surface of the water, than while it is below it ? 

117. How can the specific gravity of a body that will not sink in water 
be ascertained ? What illustration is given ? By whom was the meth^ 
of ascertaining the specific gravities of bodies discovered? In what ma»- 
ner did he ascertain it? 
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If a body lighter than water weighs six ounces, and on be- 
ing attached to a heavy body, balanced iA water, is found to 
occasion it to lose twelve ounces of its wdght, its specific 
gravity is determined by dividing its weight (six ounces) by 
the sum of its weight, added to the loss of wdght it occasions 
in the heavy body, namely, six added to twelve, which, in 
other words, is 6 divided by 18, or ^, which is ^. 

118. An hydrometer is an instrument to ascertain the 

specific gravity of liquids. 

1. The hydrometer is constructed on the principle, thai 
the greater the weight of a liquid, the greater will be its 
buoyancy. 

2. The hydrometer is made in a variety of forms, but it 
generally consists of a hollow baD of silver, glass, or other 
material, with a graduated scale rising from the upper port^ 
A weight is attached below the balL When the instmment, 
thus constructed, is immersed in a fluid, the specific gravity 
of the fluid is estimated by the portion of the scale that re- 
mains above the surface of the fluid. The greater the specific 
gravity of the fluid, the less will the scale sinL 

«d had been adulterated by the workn^xL The pbikiaophef bbored at the 
problem in vain, till going one day into the bath, he pereenrcd that the 
water rose in the bath in proportion to the bulk o( his body. He instantly 
perceived that any other substance of equal nze would raise the water just 
as much, though one of eqwU weight and less balk cookl not prodooe the 
same effect He then obtained two masses, one of gold and one of silver^ 
each equal in weight to the crown, and having filled a vessel very accu- 
rately with water, he first plunged the sflver mass into it, and obaerved the 
quantity of water that flowed over ; he then did the same with the gold, 
and found that a less quantity had passed over than befixe. Hence be 
mferred that, though of equal weight, the bulk of the silver was greater 
than that of the gold, and that the quantity of water diq»laoed was, in 
each experiment, equal to the bulk of the metaL He next made trial 
with the crown, and found that it diqilaced more water than the gold, and 
less than the silver, which led him to conclude, that it was neither pore 
gold nor pure silver. 



118. What is an hydrometer? Upon what principle m it constmctedt 
Explain its construction. In what proportion does the scale uak t 
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CHAPTER VI. 

HYDRAULICS. 

119. Hydraulics treats of the motion of fluids, partica- 
larly of v^ater ; and tlie construction of all kinds of in- 
struments and machines for moving them. 

Water, in its motion, is retarded by the friction <^ the 
bottom and sides of the channel through which it passes. 
For this reason the velocity of the surface of a running stream 
is always greater than that of any other part.* 

120. A fluid running from an orifice in a vessel is dis- 
charged with the greater rapidity when the vessel fix)m 
which it flows is kept constantly full. 

This is a necessary consequence of the law, that pressure is 
proportioned to the height of the column above. 

121. When a fluid spouts from several orifices in the 
side of a vessel, it is thrown to the greatest distance 
from the orifice nearest to the centre.t 

122. A vessel filled with any liquid will discharge a 
greater quantity of the liquid through an orifice to which 

* In consequence of the friction of the banks and beds of riven, and thA 
numerous obstacles they meet in their circuitous course, their progres ii 
slow. If it were not for these impediments, the velocity which tiie waten 
would acquire would produce very disastrous consequences. An inclina- 
tion of three inches in a mile, in the bed of a river, will give the ouRent a 
velocity of about three miles an hour. 

t This is true only on the condition that the vessel be not elevated. If 
the vessel be elevated, the lowest orifice will discharge the fluid to the 
greatest distance, but when the vessel is placed low, the fluid will reach 
the plane before its projectile force is expended. 



1 19. Of what does Hydraulics treat ? What retards the motion of water? 
Why does the surface of a canal or river have a greater velocity than any 
other part 7 

120. Does the fulness of a vessel from the orifice of which a fluid if 
running, have any effect upon its velocity ? 

121. When a fluid spouts from several orifices in the side of a vc 
from which is it thrown to the greatest distance ? 
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a short pipe of peculiar shape is fitted, than throagfa an 

orifice of the same size without a pipe.* But if the pipe 
project into the vessel, the quantity discharged will be 
diminished instead of increased by the pipe. 

The quantity of a fluid discharged through a pipe or aa 
orifice is increased by heating the liquid ; because heat di- 
minishes the cohesion of the particles, which exists^ to a certain 

degree, in all liquids, 

123. The velocity of a current of water may be as- 
certained by immersing in it a bent 
tube, shaped like a tunnel at the end 
which is immersed. 

Fig. 59 is a tube shaped like a tun- 
nel, with the larger end unmersed in an 
opposite direction to the current. The 
rapidity of the current is estimated by 
the height to which the water is forced 
into the tube, above the surface of the 
current. By such an instrument the 
comparative velocity of different streams, 
or the same stream at different times, 
may be estimated.f 

* This is caused by the cross-currents made by the roshing of the water 
from different directions towards the sharp-edged orifice. The pipe smooths 
the passage of the liquid. 

t To measure the velocity of a stream at its surface, hollow floating 
Dodifis are used; as, for example, a glass botUe filled with a sufficient 
qnaptity of water to make it sink just below the level of the current, 
and having a small flag projecting from the cork. A wheel may also be 
caused to revolve by the current striking against boards projecting from 
the circumference of the wheel, and the rapidity of the current may be 
estimated by the number of the revolutions in a given time. 

*• 

122. What effect will a pipe, fitted to an orifice, have with regard to the 
quantity discharged? What will be the effect if the pipe project into the 
vessel ? How can the quantity discharged through a pipe or orifice, be 
increased ? Why will heat increase it ? 

123. How can the velocity of a current of water be *^®^**°®^^^^^^« 
does Fig. 59 represent? How is the rapidity of the current osti 
What is the use of the instrument? 
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146. The impenetrability of air prevents the ascent 
of water into any inverted vessel, unless the air is first 
permitted to escape. 

1. If a tube, closed at one end, or an inverted tumbler, be 
inserted at its open end, in a vessel of water, the water will 
not rise in the tube or tumbler, to a level with the 7?ater in 
the vessel, on account of the impenetrability of the sir within 
the tube. But if the tube be open at both ends, the water will 
rise, because the air can escape through the upper end. It is 
on this principle that the diving-bell (or the diveris bell, as it 
is sometimes called) is constructed. 

2. Fig. 7 1 represents a diving-bell. It consiFts of a large 
heavy vessel, formed like a bell, (but may be made of any other 
shape,) with the mouth open. It descends into the water with 

Ions of water in tho space of twelve hours. His experiment wa» thus 
made : he put a glass, mouth downwards, on a grass-pht, on which it^had 
not rduned for above a month. In less than' two miiutes the inside was 
covered with vapor ; and in half an hour drops began to trickle down its 
inside. The moutiyof the glass was 20 squarp inches. There are 1296 
fquare inches in a square yard, and 4840 square yardi in an acre. When 
the glass had stootl a quarter of an hour, he winid it with a piece oi 
muslin, the weight of which had been previously ascertained. When 
the glass had been wiped dry, ho again weighed tne muslin, and found 
tliat its weight had been increased six grains by tielwater collected from 
20 square inches of earth ; a quantity equal to 16(0 gallons, from an acre, 
in 12 hours. Another experiment, after rain hid fallen, gave a much 
larger quantity. (See No. 9.) 

When the atmosphere is colder than the earti* the vapor, which arises 
fh>m the ground, or a body of water, is conddised and becomes visible 
This is the way that fog is produced. When Ue earth is colder than the 
atmosphere, the moisture in the atmosphere coidenses in the form of de^i 
on the ground, or other surfaces. 

Clouds are nothing more than vapor, condenied by the cold of the upper 
regions of the atmosphere. 

Rain is produced by the sudden cooling oi large quantities of watery 
vapor. 

Snow and hail are produced in a similar planner, and differ from rain 
only in the degree of cold which produces tbm. 



146. Is air impenetrable, like other subst^ces ? How is this shown ? 
Upon what principle is the diving-bell constMcted? What figure repre- 
sents the diving-bell ? Why does not the wa^r rise in the bell 7 Explaui 
the figure. 
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its Eaonth downwards. The air within 
it haring no outlet is compelled, by the 
order of specific gravities, to ascend IQ 
the bell, and thus (as water and air 
cannot occupy the same space at the 
same time) prevents the water from 
ri^ng in the bell. A person, therefore, 
may descend with safety in the bell to 
a great depth in the sea, and thus re- 
cover valuable articles that have been 
lost. A constant supply of fresh air is 
sent down, either by means of barrels, 
or by a forcing-pump. In the Fig., B 
represents the bell with the diver in it, 
C is a bent metallic tube attached to 
one Bide and reachbg the air within; 
and P is the forcing-pump through 
which air is forced into the bell. The 
forcbg-puinp is attached to the tube 
by a jomt at D. When the bell de- 
scends to a great depth, the pressure 
of the water condenses the air within the bell, and cansea the 
water to ascend in the bell. This is forced out by constant 
acceasions of fresh air, supplied as above mentioned. Qreat 
care must be taken that a constant supply of fresh air is sent 
down, otherwise the lives of those within the bell will be en- 
dangered. The heated and impure lur is allowed to escape 
through a stop-cock in the upper part of the bell. 

147. Water is raised in the common pump by means 
of the pressure of the atmosphere on the surface of the 
water, A vacuum being produced by raising the piston 
or pump-box,* the water below is forced up by the at- 
mospheric pressure, on the principle of the equilibrium 

■ In order to produce luch « VHcauaii it ia neceoury that the pMon oi 
box ahonld be accuratsly filled to the bore of the pump ; for if the air 
above the [natoa has any meauB of nuhiDg in to fill tlie vacoum, aa it ■ 
pradnced by the ralmiig of the piitOD, the water will not nscend. The p»- 
ton is geaerstly worked by a lever, which ia the handle of the puoip. not 
repreiented in the fignm. 

B panipl Howta 
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152. Acoustics is the science which treats of the 
nature and laws of sound. It includes the theory of • 
musical concord or harmony. 

153. Sound is caused by a tremulous or vibratory 
motion of the air. 

1. If a bell be rung under an exhausted receiver, no sound 
can be heard from it ; but when the air is admitted to surround 
the bell, the vibrations immediately produce sound. 

2. Again, if the experiment be made by enclosing the bell in 
a small receiver, full of air, and placing that under another 
receiver, from which the air can be withdrawn ; though the bell, 
when struck, must then produce sound, as usual, yet it will 
not be heard if the outer receiver be well exhausted, and care 
be taken to prevent the vibrations from being communicated 
through any solid part of the apparatus ; because there is no 
medium through which the vibrations of the bell, in the smaller 
receiver, can be communicated to the ear. 

154. Sounds are louder when the air surrounding the 
sonorous body is dense, than when it is in a rarefied 
state. 

For this reason the sound of a bell is louder in cold than in 
warm weather; and sound of any kind is transmitted to a 
greater distance in cold, clear weather, than in a warm sultry 
day. On the tops of mountains, where the air is rare, the hu- 
man voice can be heard only at the distance of a few rods ; 
and the firing of a gun produces a soimd scarcely louder than 
the cracking of a whip. 

152. What is that science called which treats of the nature and laws of 
sound ? What does it include ? 

153. What causes sound? What illustrations are given to prove thw? 

154. In what proportion are sounds loud or faint ? Why does a bell 
sound louder in cold than in warm weather? Why is soimd fainter on the 
top of a mountain than near the surface of the earth ? I v 



\ 



155. 6oiioroQs bccS» ar* d^^c -niiO. Tmmrs tii^r.. 
distinct, regular, a&i firti-j* iiinziiiii. i^uta is v :*t:l- i 
drum, wind inscri^ifids. zi.uej':^* fTL^iure auit i:a*«ft?w 
These vibrali-jc^ ci:: *»t :;:r:iir.rju'.sri^L 'i. t d-'^-iiii*-"* 
not cwilv ihroush Ujt i2r- i»ii t^. iir'juxn. iiiiUiiii uiit 
solid bodies 



156. /Bodies owe ^tikt f»rci:r--»2f 
elasticity.^ 

caused iK ila vTcrSi'J:'— * : i^i Vj»: ii*:lrir '.r u^j\i •.» lut 
tone depends Tip.c iL*: n-Z'Jirj .r luw* ''■jimiirju:-. 
^ng strings Titri^e Trhi '.*rrt niurlrj ilhl sii*.*^ 'jij». 
and for this reas^:^ il** j.t *:»ii»?fc u t uiusi'^n, tuirji^ 
ment proceed troc: ii*t J:c_r r-riiip. aiic tie: iL^p. ;_&•« 
from the short <xjtsS^ 

1. ^Ig. 92, A B rEfp^ec* l ixmmSAl sinii^. ^ x 2#t 
uptoG, its elas- 
ticity will do; oa- * * 
ly carry it b&^k 
again, bni vill 
give it a mooiezr- 
turn wluch viu 
camr it lo H. 
from whence it 
will succesavelT 

« 

return to T, F, C, D, fe^ tel^Z Uit r^aagMV^ of -ut ar 
destroys its moik'Lu 

2. The ribraiJOii:? c^f k fc:jn':r:iiH li'.cr ur-s: t ^r^miuiyi* ttiv- 
tijn to the air £r'.*-=rj2 h. saiiiitr *;: ii*»: suxu'Ji *j\mmi\iiU'^'<i- 
to smooth wai&r wi*^^ ^ &'.x:i^ a ^L•v■r^ iu;-. L 




A^^^5r^rr33 



t£, it m not to bt hSfrrrvL line nL *t'iMrt<c 



iuc «l 




Xjt* »«^ 



156L To T&ft£ 6» «xi?nstf iiKirtt uvt Ui«r muvsvi* i^'V^-; 
elastic l»d>« Kcurjat' , ^.,^. 

157- What e».wBi ts»* wnMC )m»uu->M. vy *► tuuw-^ •^^'•"T " ^^ ^ ^^, 
docs the he^g^ UiC cit^Ca «*I tut '.ui* ft-)*^uc ^ «"-* ''%*'^ V>^. 
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and the force or direction of the wind makes but slight dif« 
ference in its velocity. 

2.vXbis uniforai velocity of sound enables us to determine 
the distance of an object from which it proceeds.->w If, for in- 
stance, the light of a gun, fired at sea, be seen a^half of a 
minute before the report is heJird, the vessel must be at the 
distance of six miles and a half. Vjn the same manner, the dis- 
tance of a thunder-cloud may be ascertained, by counting the 
seconds between the appearance of the lightning and the noise 
of the thunder, and multiplying them by 1142 feey 

164. Cin echo is produced by the vibrations of the air 
meeting a hard and regular surface, such as a wall, a 
rock, a mountain, and being reflected back to the ear, 
thus producing the same sound a second, and sometimes 
a third and fourth time^ 

1 4, Speaking-trumpets are constructed on the principle of 
the reflection of sound. J 

2. \^he voice, instetCa of being diffused in the open air, is 

• From this it is evident that no echo can be heard at sea, or on an ex- 
tensive plain ; because there is no object there to reflect the sonndZAn 
echo is heard only when a person stands in snch a situation as to near 
both the original and the reflected sound. The pupil will doubtless reed- 
lect what has been said in Mechanics with respect to the angles of inci- 
dence and reflection.)/ Sound (as well as light, as will be explained under 
the head of OpticS) is communicated and reflected by the same law» 
namely, that the angles of incidence and reflection are always equaKl It 
is not diflicult, therefore, to ascertain the direction in which sound wfltpro- 
ceed, whether it be direct or reflected. / It is related of Dionysius, the 
tyrant of Sicily, that ho had a dungeon, (called the ear of Dionysius,) itt 
which the roof was so constructed as to collect the words, and even the 
whispers, of the prisoners confined therein, and direct them along a hidden 
conductor to the place whore ho sat to listen : and thus he became ac- 
quainted with the most secret expressions of his unhappy victims.") 

What advantage results from this uniform velocity of sound ? How can 
the distance of a thunder-cloud be ascertained? 

164. How is an echo produced? Note. Why cannot an echo be heard 
at sea, or on an extensive plain ? How must a person stand in order to 
hear an echo ? By what law is sound communicated and reflected? What 
anecdote is related of Dionysius? Upon what principle are speaking- 
trumpets constructed? Explain the manner in which the vibrations of the 
air are reflected. 
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eonfiiied witliin the tmmpes; and zzjt T^LaaoBS -mjaek t{rr'''aMi 
and fall against the ades o£ zLt zafsrxntzis is* TuS^tsLrJtii ut- 
cording to the angle of iseidecy^^ ^■^i-: iiZ ii "^ lii-*:-.-!!.!! :f 
the vibrations, irhxh pnxeed icrai»ria 5:nrK-L T^i* ▼*:i!»e 
of the vibraticms are thas cfjuttu^ ==::•' i furw : ixui i'M *rjr 
be situated in or near thas spoc, i£ij£ jtjairf -vil ^ zr-jaicrM&.j 
increased^) 

3. Hearing-trumpets, or ibi ir=z:pi»c* i&ai rj f«uf jkevhbl 
are also constructed on zJbt saizk prziiti^ie : ^nc w ::iit -^ih^ 
enters the large end of ih-^ irsnpri- hssz^^nii -.i 'tjt snaJ. uu*. 
it is not so much confined- nor ?*/ =:"i:i. izi-rraAyL 

4. The musical insimmez.! uil^d ib? mzir-yL iir^t iir_ tii 
the same principle with tL-? ?zeiii:^-ir=Lpss, k ii^- u i3i 
form tends to increase the ic^zA* 

165. Sound, like IlgLt, after ft Las r«K!i r»i5»r^ 
from several sur&cea, ciav t« c*>liir:e»i ii:- -:ca :i.»:ir, 
as a focus, where it wiii be swure *--^ "■-»* tiu^ ja 4iiT 
other part ; and oo this pffi£icif«e wu!iT'erjEf'0..«ir>» 
may be c<Mistructed. 

The famous whisp-eriEg-ffaZierr zs :i#* iwM- "Y *^ r'tiT* 
church, in London, s ccsstrac^rd cc tLs* Tnu'/.-^'j*: ♦ p-tr* .rjt 
at very remote parts of iLe I,ci3i5i;r ^ac 'jarrj -,i t •xii-'*n*- 
tion in a soft whisper, wtita wiZ h-i fiftt-ritdrr 'mutj'.^jk v. -.int 
another, while others in tL* bcsS&c ^".:i»'-C iit*ar x: uui 'uit 
ticking of a watch may be beard frcoi -a:^ v^ litit- 



• The ■OMoCh and poUM^ aaCuK «f Aft 
of riielb, pMtiwiIafhr if ther se Kcral 4r wmoiiacm^ ic tum 3» i 
reflect the Tanoae aooBdi wiueb mm taics^ ^iaeir Jt sw rranrr, xieaeift 
the Cypriae, the XantSoa, and sobk eC&i»? ««£*» vMa »tuc imr lift «trr 
^Te a cootinoed aoood, whxh natisaiiea 'Jut runs vC ^i<t tucaac Mvaax, 

t There is a church ia ti;^ t&va ii ^^ftrinrjyuez^ a Hw it iiit~-« 
Rrhich, as was aeckfealaSr 4LaeoT«r>sd, ia« :3«» sanift imij ^r i w « WiJ^ 
^hug-gaDerj. Penooa in Qopiwte cnra«!Si fif :iue imuda^ t^^ iwy^^ *'^^ 
wall, maj canj on a mAxttvut xn re tw vab^m. ei'i^^s taiuii^>>*:ff 'i? 
•then in anj other pait of tZM bcii£3<^ I: ji a«<^ 'wUttm^ 'w^uiM vMX^^am 
n its cemeteiy the lemaiaa of the daicia^xiinfsiif ;rara<«« V ixltt^<^ 



Upon what ptinepfe aie hear:a^-trsss9ec» ewHCnatS^ * K-v* U-' '-^ 
the moijcal insanment, called Lk trsss^eC trs. o^^a ^u% ^;\«*/ >>^ 



4|ieaking-tnimpei 7 Ai»/e. Hvw eaa ts^ ei'jnf.A.Mttf «>i.ui, ;|p 
ihelb, when held near the car, ke ei^iaJKii ! 



,^^. 



;. Upon what pndfle aMj whiapcrjir^afor^e v» '^' 



L^ThuHk ▼^.'uilKiL .psmenm set ranm iivrauaias begnir ibey 
]jii«"t «i;'v/ ■▼•1^1 ~.sht iiiioc ^iii:a "LiifT i4.icm::^ frK?ai the body, 

i :i;i.t ;ni;. :tv::i-vU« x rrui-^ wici L.* irfuj; MUriSSr, aa^ as leafr 
[t .•Hei:nr"i» i"ij*ii limits r";in. inn Ciwir. Ii ». tberefore, cfflh 
ftaitiaj .'"jiwuiir ^«'-i2 r^.m liSrt boifj isil tSurovisig n out 
inr-j -^!ii iir -vi.ji ".irt vti.ilhii ^ijtehiis r^iSiias liie b^ which 
is :tt\'M\"in. u^ii "i w 'iara^i^s "iii bijilj irEiiiL x tsiihi coTering. 
2. F'.'f i 4L.2>jLr r'iiii*<:fi j:^. 'n. -siJiLnrfr. is vTspped iniroolfcn 
'ilijcizH. I'i JA "i^Lna. ^L-M":.icr..id ir'.ci 'ii.'f bwaS >cm »Jbe air, and will 

172. ll-eat L* pr'>p-.JLrAiie»i i^. two ways, namely, by' 
omd\jic\l-y^L Jini-i oy ri.<iLa.i:i'^>a5y ^es&£ is propagated by 
cocMiii^:r.t'ja wr.*>a i:^ pii:«i3ie:$ l^^cq ooe sut^stance to another 
in con'a ;r. wita i:. ..Heat es pPi>paL?ated by radiation 
wtiea it pa.>*e* tknviSfe ti» air or anv other elastic 
flaifL 

> 173. Different bodies conduct beat with different de- 
gree* of faclii'y. The tnetals are the best conductors^ 
and amon:j rnetal* silver is the best conductor. 

1. For this reason aar Ifrjuid ici&r be he&ted in a silver Tessd 
more readily tti .r. La ucy tjili-r ot' the same thickness. The 
mtsVxU htarid in th«i; foll-^win^ order, with respect to their con- 
ducting iK/wcr ; namely, silver, t^old, tin. oopper, platina, steel, 
iron, and lead. 

2. It is on account of the conducting power of metals* that 

* Metal«, on accouut of their conducting power, cannot be handled 
wh«;ii raiMMl to a temperature abbre 1:20 degrees of Fahrenheit Waltf 
buconieff Hcaldinjif hot at 150 degrees, but air, heated far beyond the tMn- 
pfirature of boiling water, may be appUed to the skin without much paiik 
Kir JtumiAi Hankii, with several other gentlemen, remained some time in a 
room when the boat was 52 degrees above the boiling point ; but, though 
th<iy could ))eur the contact of the heated air, they o. dd not touch any 
titntttltic HiilNftnnce, as their watch-chains, money, &c. Eggs, placed on 

17U. In what two ways is heat propagated? When is it propagated by 
floudurtjou / When is it propagated by radiation? 

17'l. ])o till iHxIioH conduct heat with the samo degree of facility ? What 
bodies are llio bi^Nt conductors? In what order do the motals stand with 
respect to tliuir conducting power? 
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the handles of metal tea-pots and coffee-pots are commonly 
made of wood ; since, if they were made of metal, tlicy would 
become too hot to be grasped by the hand, soon after the vcsmjI 
is filled with heated fluid. Wood conducts heat \cxy imjK.T- 
fectly. For tliis reason wooden spoons and forks are preferred 
for ice. Indeed, so imperfect a conductor of heat is wood, tliat 
a stick of wood may be grasped by the hand while one end of 
the stick is a burning coal. Animal and vegetable substances, 
of a loose texture, such as fur, wool, cotton, &c., conduct heat 
very imperfectly ; hence their efficacy in preser> ing the warmth 
of Uie body. 

174. Heat is reflected from bright surfaces; while 
black or dark colored bodies absorb the heat that falls 
on them. 

1. This is the reason why the bright brass andirons, or any 
other bright substances, placed near a hot fire, seldom become 
heated ; while other dark substsmces, further removed from the 
fire, become too hot for the hand. 

2. Snow or ice will melt under a piece of black cloth, when 
it will remain perfectly solid under a wliite one. The farmers 
in some of the mountainous parts of Europe, arc accustomed 
to spread black earth, or soot, over the snow, in the spring, to 

"hasten its melting, and enable them to commence ploughing 
early. 

175. All bodies, when violently compressed or ex- 
tended, become warm. 

a tin frame, were roasted hard in twenty minutes ; and a beef-steak was 
overdone in thirty-three minutes. 

Chantrey, the celebrated sculptor, had an oven which he used for dryhig 
his plaster cuts and moulds. The thermometer generally stood at 300 de- 
grees in it, yet the workmen entered, and remained in it some minutes 
without difficulty ; but a gentleman once entering it with a pair of silver- 
moonted q>ectac]e8 on, had his face burnt where the metal came in con- 
tact with Ui6 skin. 

Is wood a good conductor of heat ? Why are wool, fur, Slc., bo effi- 
cacious in preserving the warmth of the body? What is related in the 
note with regard to the conducting power of heat? 

174. What bodies reflect the heat? What bodies absorb the hcut? 
^Vhy do bright bodies, when placed near the fire, seldom become hea 
Will snow melt most readily under white or black cloth ? cotnprewed 

175. What effijct is produced on all bodies when violently 
or extended ? 




160 MATCEAL raiLOSOFHT 

figrnre H is evident* that tlie nearer an 

object is to the ere, the wider must '^ *•*• 

be the opening of the lines to admit 

the extremities of the object; and, 

consequently, the larger the ai^le 

nnder which it is seen ; and» on the 

contrary, that objects at a distance 

win form small angles of vision. Thns, 

in this figure, the three crosses, F G, D E, and A B, are all of 

the same size ; but A B, being the most distant, subtends tbe 

smallest angle* ACB, while DEand F G, bdng nearer to the 

eye, situat^ at C, form respectively the larger angles, D G £ 

and F C G. 

214. When an object, at .any distance, does not sub- 
tend an angle of more than two seconds of a degree, it 
is invisible. 

At the distance of four miles a man of common stature will 
thus become invisible, because his height at that distance will 
not subtend an angle of two seconds of a degree. The size of 

* The apparent size of an object depends upon tbe size of the angle of 
▼inon. But we are accustomed to correct, by experience, the fallacy of 
appearances ; and, therefore, since we know that real objects do not vary 
in size, but tliat tho angles under which we see them do vary with the 
distance, we are not deceived by the variations in the appearance of ob- 
jects. Thus, a house at a distance appears absolutely smaller than the 
window throu(|rh which we look at it ; otherwise we could not see it 
through the window ; but our knowledge of the real size of the house pre- 
vents our alluding to its apparent magnitude. In Fig. 104 it will be seen 
that tho several crosses, AB, DE, FG, and HI, although very difierent in 
size, on account of their different distances, subtend the same angle ACB; 
they, therefore, all appear to the eye to be of the same size, while, in Fig. 
105, the three objects AB, DE, and FG, although of the same abeolate 
■ixe, are seen at a diflfereut angle of vision, and they, therefore, will seem 
of dilTcrent sizes, appearing larger as they approach the eye. 

It is upon a correct observance of the angle of vision that the art of per- 
•jMotive drawing is indebted for its accuracy. 



What ofiect has the nearness of tho object to the eye, on the angle t 
lUustrute this by tho figure. Upon what does the apparent size of an ob- 
ject dt^pend ? Why do objects appear so large ? To what is the art ch 
penpeotive drawing indebted for its accuracy ? 

914. How large an angls must a body subtend to be visible? 



■y 
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the apparent diameter of the heavenly bodies is generally 

stated by the angle which they subtend. 

215. When the velocity of a moving body does not 
exceed twenty degrees in an hour, its motion is imper- 
ceptible to the eye. 

1. It is for this reason that the motion of the heavenly bodies 
is invisible, notwithstanding their immense velocity. 

2. The real velocity of a body in motion ro nd a point, de- 
pends on the space comprehended in a degree. The more 
distant the moving body from the centre, 

or, in other words, the larger the circle '^^ ^*** 

which it has to describe, the larger will be 
the degree. 

3. In Fig. 106, if the man at A, and the 
man at 6, both start together, it is manifest 
that A must move more rapidly than B, to 
arrive at C at the same time that B reaches .' 
D ; because the arc A C is the arc of a o" 
larger circle than the arc BD. But to 
the eye at E, the velocity of both appears to be the same, be- 
cause both are seen imder the same angle of vision. 

• 

216. There are three kinds of mirrors,* namely, the 
plain, the concave, and the convex mirror. 

Plain mirrors are those which have a flat surface, 
such as a common looking'-glass ; and they neither 

* A mirror is a smooth and polished surface, that forms images by the 
reflection of the rays of light Mirrors (or looking-glasses) are made of 
glass, with the back covered with an amalgam, or mixture of mercury and 
tinfoiL It is the smooth and bright surface of the mercury that reflects 
the rays, the glass acting only as a transparent case, or covering, through 
which the rays find an easy passage. Some of the rays are absorbed in 
their passage through the glass, because the purest glass is not free from 
imperfections. For this reason, the best mirrors are made of fine and 
highly-polished steel. 




215. When is the motion of a body invisible ? Why is the motion of 
the heavenly bodies invisible ? Upon what does the real velocity of a 
body, in motion round a point, depend? Explain Fig 106. Why does 
the velocity of both, to an eye at E, appear to be the same? 

216. How many kinds of mirrors are there? What are plaixi minors? 
Do they magnify or diminish the object? 
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object ; the image is then formed hj light reflected fim ihs 
object, instead of being transmitted through it. 

2. The magnifying power of a single microscope is ascertain- 
ed by dividing the least distance at which an object can be dis- 
tinctly seen by the naked eye, by the focal distance of the lens. 
This, in common eyes, is about 7 inches. Thus, if the focal 
distiince of a lens be only |- of an inch, then the diameter 
of an object will be magnified 28 times, (because 7, divided by 
J, is the same as multiplying 7 by 4,) and the surface will hi 
magnified 784 times. 

3. The magnifying power of the compound microscope ii 
found in a similar manner, by ascertaining the magnifying 
power, first of one lens, and then of the other. 

4. Tlie magnifying power of the solar microscope is in pro- 
portion as the distance of the image, from the object-glass, is 
greater than that of the object itself from it. Thus, if the dis- 
tance of the object from the object-glass be |- of an inch, and 
the distance of the image, or picture, on the. screen, be ten 
feet, or 120 inches, the object will be magnified in length 480 
times, or, in surface, 230,000 times.* 

238. The magic lantern is an instrument constructed 
on the principle of the solar microscope, but th^ light is 
supplied by a lamp instead of the sun. 

1. The objects to be viewed by the magic lantern are 
generally painted with transparent colors, on glass slides, which 
are received into an opening in. the front of the lantern. The 
light from the lamp, in the lantern, passes through them, and 
carries the pictures, painted on the slides, through the lenses, 
by means of which a magnified image is thrown upon the wall, 
on a white surface prepared to receive it. 

* A lens may be caused to magnify or to diminish an object If the 
object bo placed at a distance from the focus of a lens, and the unage be 
formed in or near the focus, the image will bo diminished ; but if the ob- 
ject be placed near the focus, the image will be magnified. 



How is the image then formed? How is the magnifying power of a 
single microscope ascertained? Illustrate this. How is the magnifying 
of the compound microscope ascertained? In what proportion is the 'mag- 
nifying power of the solar microscope ? Illustrate tliis. Note. How may 
A lens be made to magnify or diminish an object ? 

iiSS. What is the magic lantern 7 How are objects, viewed by the magiG 
lantern, generally represented ? 




fleeted to the cotttts knr c, ■wii:-;; i- cil.^; i:."- ■■ 
because ii coDoeniriiiet- b Lit?-. i;i:::r.::— ■:: l^.. =t >: ■_.-■ 
painted on the Blide. insen-rd i" ' Z:,- r.i-- : ■.= ;..■ .... 
minuted object ai t. iirt ea-ricL ilr.-'sr:r^^.- ;_T--_r: "-. 
forming an ima^ on ihe 5crr-.T. ht •' T:!- En.i™ iril ;:.;-■ .;, 
or dirainidi in azC: in jiT^iortijn tc uh di^ian-ct o: Ui: ^^'^-' 
from the lens a. 

239. A telescope is an instrunienT f.^r vifvinr d:s'Lr 
objects. 

There are two kinds of telescfipes. nIl;n^:T. liir rt nvi--: 
ing telescope and ibe reflecuDC lelesc.'^f., 

A refractiag telescope i? one in Triiich the .-<bi(*,-: ;:?r! 
Is viewed, through the medium of a niantfr o: > v.-ir^;, 

A reflecting telescope is one in whioli tht' im^i-i 
of the object is reflected from a concave mirror, wiilm 
the tube of the telescope, and viewed thro»j;h ;> niiioho 
of lenses,* 

* The im&ge ef the object s«en throii|:!ti a rprrnc-liiiK trliwotw !■ iif-v-' 
n clear and perfect as that obtained by llin rrflorliiijc li<li<<ii<u|ii. , |, !«■< 
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2Mu The electrical bells are deagned to Aow the 

efTects o? electrical attractioa anr^ repuisionr 

1, They are thua to be applied.* The ball B of the prime 
eondoctor, with its rod, is to be unscrewed, and the rod on 
which the beHa are aiiapended is 
to be acrewed in tta place. The (Jii; Hft-^ 
middle bell ia to be connected bj 
a chain with the table or the 
floor. When the machine is 
turned, the balU suspended be- 
tween the belU will be alternately 
Attracted and repelled bj the 
bf'Ilft, and cause a constant ring- 
ing. If the battery be charged 
nnVI connected with the prune 
conductor, the bells will continne"^ 

to ring until all the fluid from l^e battery has escaped. 

It may be obfterved, that the fluid from the prime ccmductor 
pnssrft readily from the two outer bells, which aire suspended by 
clidinA ; thry, therefore, attract the two balls towiurds them. 
Thn balls becoming electrified by contact with the outer bells, 
flre rejiclled by them and driven to the middle bell, to which 
they rommunicate their electricity ; having parted with their 
plnetri»'ity they arc repelled by the middle bell, and again at- 
trnetrd by the outer ones, and thus the constant ringing is 
mntntnlned. The fluid which is communicated to the middle 
liell, is iMUuluctod to the earth by the cham attached to it 

2. ypiHAL Tun«. ftho passage of the electric fluid from one 

Fig. 130. 



qi ]\."-. ...-'s.x v,---si 1]) =^ 



ROtitluctlh^ Bubfliance to another, is beautifully exhibited by 
hiefUiA nf a ^lanH tubu having a brass ball at each end, and 



^ \w HHtHrt utilfl ttf iiifitrtimpiitfl, the bells are insalated on a separate 
%HVi^ I \^\S\ Ht»* ihimIm ttpRfiribrd above i« a convenient mode of connecting 



'^^ WM H»v» ll»»» *»l0t^trlnttl Iwllii? What figure represents them? /«- 
\\\k^\ v\\w WS'^X v*wMj}»»»»»t J« Pihow? How are they to be applied ? Ezplaia 
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coated in the inside with email pieces of tinfoil, placed at unall 
dbtnnccs from each other in a spiral direction, as represented 
in Fig. 130. 

In llic same manner rarions figures, tettera, and words may 
be represented, by arranging similar pieces of Unfoil between 
two pieces of flat glass. These experi- __ ,„ 

ments appear more brilliant iu a darkened 
room^ 

3. Htsrookn Pibtol. (Fk- 131 repre- 
sents a hydrogen pistol.* When filled with 
hydrogen gaB,f if the insulated knob K be 
presented to the Drime conductor, it will 
immediately explore. 

4. Electrical Sportsman. Fig. 133 represents the eleetrica] 
sportsman. From the larger ball of a Leydcn jar two bird* 



■ Thia apparatus ia made in a raristy oTfanns aotnetiDMa in the exact 
form of a pistol, aud Bomelimea in the romi at a pieea or ordnance. Tbe 
form in Ihs figun k a wmpJe and cheap contriiance, and ii •ufGcieat te 
eiplain the maauer in which the, ioMruaient ii to be and in any of its 



i A very conTenient and Fcnaomical way of procuring hydiogan gu 
for IhJB and other eiperimenti, ii by meana of l&t kydrogtn gat gentt 
alar, as represented in Fig. 133. It connti of a glaea 
TC«8«1, with a braes caver, iu the ceatre of which i* a 
ntop-cock ; from the iuiide of the cover, another glaM 
■vrmei tB suipended, with iti open end downwards. With- 
in this, a piece of zinc ii auBpeaded fay a wire. The 
onler veasel coiitalna a mixture of sulphuric acid and 
water, about niue parlB of water to o>ie of acid. When 
the cover, to which ihe iuuer glun ia firmly fixed, is 
placed upon the vessel, the ncid acting upon the ziuc, 
causes the metal to nbaoib the oxygen of the water, and 
the hydrogen, the other constituent part of the water, 
being thus disengaged, rises in the inner glass, from 
which it expels the water; and when the stop-cock is 
turned the hydrogen gas may be ctdlecled in (he hydro- 
gen pialol, or any other vessel. In the use of hydrogen 
gas for eiplosion, it will be necenary to dilute the gaa with an equal pot' 
tion of atmospheric air. 



Fit- "1 

4, 



ti^ 



Explain the hydrogen pirtoL , 
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285. (Heat weakens, and a greai degree of heatdc' 
frtroys the power of a magned; but jjhe magnetic attrac- 
tion is undiminished by the interposition of any bodies, 
except iron, steel, fee. 

(Electricity frequ^tly changes the poles of a magnet; and 
the explosion of a small quantity of gunpowder, on one of the 
poles, produces the same efifectJ 

^Electricity, also, sometimes renders ut>n and steel magnetic, 
which were not so before the charge was received.^ 

286.vThe effect produced by two magnets, used to- 
gether, are much more than double that of either one 
used alone. ) 

(When a magnet is suspended freely from its centre, 
trie two poles will not lie in the same horizontal direc- 
tion. This is called the inclination or the dipping of 
the magnet.*) 

287. (^he magnet, when suspended, does not in- 
variably point exactly to the north and south points, 
but varies a little towards the east or the west. This 
variation differs at different places, at different seasons, 
and at different times in the day.f j 

* The tondency of a magnetic needle to dip is corrected in the mari* 
neVs and surveyor's compasses, by making the soath ends of the needles in- 
tended for use in northern latitudes somewhat heavier than the ncnrth ends. 
Compass-needles, intended to be employed on long voyagee where great 
variations of latitude may be expected, are furnished with a small sliding 
weight, by the adjusting of which the tendency to dip may be counter- 
acted. The cause of the dipping of the needle is the superior attraction 
caused by the closer proximity of the pole of the magnet to the magnetic 
pole of the earth. In north latitude, the north pole of the needle dips ; in 
south latitude, the south pole. 

t The variation of the magnetic needle from what has been supposed 
its true polarity, was a phenomenon that for centuries had baffled the 

285. What effect has heat on the power of the magnet ? By what Is 
the magnetic attiaction diminished? What effect has electricity on the 
poles of a magnet 7 What effect has olentricity sometimes on iron and steel 7 

286. Wliat proportion do the effects produced by two magnets, used to- 
gether, bear to that of either, used alone ? What is meant by the inclina« 
lion or dipping of the magnet ? 

287. Does the magnet, when suspended, invariably point to the \iOftfa 
and south points 7 
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1( The science of magnetism has rendered immense adran- 
tages to qpramerce and navigation, hj means of the mariner's 
Gorapass.y (The mariner's compass consists of a magnetized bar 
of steel, called a needle; having at its centre a cap fitted to it, 

science of the philoeqiher to ezplun. Recent djacoreries have pren « 
satisfactoiy explanation of this apparent anomaly. The earth has, in fact, 
four magnetic poles, two of which are strong and two are weak. The 
strongest i^rth pole is in America, the weakest in Asia. The earth itself 
is considered as a magnet, or rather, as composed in part of magnetic sab- 
stances, so that its action at the surface is irregular. The variation of the 
needle from the true geographical meridian is therefore subject to changes 
more or less irregular. • 

This subject is very ably treated in " Davis* Manual of Magnetism," 
(edition of 1847,) to which the student is referred, as probably the best 
treatise on the rabject that has ever been published. Mr. Davis is one of 
those scientific and skilful mechanics, (of whom there are not a few among 
iis,)#who have, as it were, forced their way into the temple of science amid 
discouragements and difficulties, but have deposited richer gifts on the 
altar than most of those whose contributions were expected. He has 
originated many improvements in this department of science ; and his de- 
votion to the subject has probably rendered him as familiar with all the 
peculiar phenomena relating to it, as any one in or out of the country. 
His address is, Daniel Davis, Jr., Mag^uetical Instrument Maker, 428 
Washington-street, Boston. 

f* The invention of the mariner's compass is usually ascribed to Flavio 
de Melfi, or Flavio Gioia, a Neapolitan, about the year 1302. Some au- 
thorities, however, assert that it was brought from China by Marco Paolo, 
a Venetian, in 1260. The invention is also claimed both by the French 
and English^ 

f The value of thb discovery may be estimated from the consideration, 
that, before the use of the compass, mariners seldom trusted themselves 
out of sight of land ; they were unable to make loug or distant voyages, as 
they had no means to fiud their way back. This discovery enabled them 
to find a way where all is trackless ; to conduct their vessels through the 
mighty ocean,.out of the sight of land ; and to prosecute those discoveries, 
and perform those gallant deeds, which have immortalized the names of 
Cook, of La Perouse, Vancouver, Sir Francis Drake, Nelson, Paxry, 
Franklin, and others^ 

What advantage has the science of magnetism rendered to commerce 
and navigation? Of what does the mariner's compass consist? Note. To 
whom is the invention of the mariner's compass usually ascribed! How 
may the value of this discov^rv be estimated? 
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Bhoiild also be amalgamated. Beneath the hanging Tfire, a 
small ch*cular magnet is fixed in the socket of the cup 6, so 
that one of its poles is a little above the mercury. As in the 
former cup, a metallic connexion is made through the bottom, 
from the mercury to the external wire.J ^"v^^^^ 

If now the poles of a battery be cdmiected with the hori- 
zontal external wires, cc^ the current of electricity will be 
through the mercury and the horizontal wire, on the pillar 
which connects them, and it will now be found, that the 
moveable part of the wire will rotate around the magnetic 
pole in the cup 6, and the magnetic pole round the fixed wire 
m the other cup a, in the direction before mentioned. 

By using a very delicate apparatus, the magnetic pole of 
the earth may be made to put the wire in motion. 

3. Fig. 146 represents another ingenious Fig. 146. 
contrivance, invented by M. Ampere, for illus- ~ 

trating the electro-magnetic rotation; and it 
has the advantage of comprising within itself 
the voltaic combination which is employed. It 
consists of a cylinder of copper about two inches 
high, and a little less than two inches internal 
diameter, within which is a small cylinder, about 
one inch in diameter. The two cylinders are con- 
nected together by a bottom, having an aperture 
in its centre the size of the smaller cylinder, 
leaving a circular cell, which may be filled with 
acid. A piece of strong copper wire is fastened 
acioss the top of the inner cylinder, and from the middle of 
it rises, at a right angle, a piece of copper wire, supporting a 
very small metal cup, containing a few globules of mercury. 
A cylinder of zinc, open at each end, and about an inch and 
a quarter in diameter, completes the voltaic combination. To 
the latter cylinder a wire, bent like an inverted U, is soldered 
at opposite sides; and in the bend of this wire a metallic 
point is fixed, which, when inserted in the little cup of mer- 
cury, suspends the zinc cyhnder in the cell, and allows it a 
free circular motion. An additional point is directed down- 

If the poles of a battery bo connected with the horizontal external wires, 
c c, throughout, what direction will the current of electricity take ? Round 
what pole will the moveable part of the wire rotate ? Round what wUl 
the magnetic pole rotate ? What does Fig. 146 represent ? Of what dot! 
it consist ? 
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wards from the central part of the stronger wire, which point 
is adapted to a small hole at the top of a powerfol bar mag- 
net. When the apparatus with one point only is^charg^ 
with diluted acid, and set on the magnet placed vertically, the 
zinc cylinder reyolves in a direction determined by the mag- 
netic pole which is uppermost. With two points, the copper 
revolves in one direction, and the zinc in a contrary direction. 
4. If, instead of a bar magnet, a horse-shoe magnet be em- 
ployed, with an apparatus on each pole similar to that which 
has now been described, the cylinders in each will revolve in 
opposite directions. The small cups of mercuir mentioned in 
the preceding description are sometimes omitted, and the 
ppints are inserted in an indentation on the inverted U.* 

'^r'SQG. The magnetizing power of the conducting wires 
of a battery is very greatly increased by coiling it into 
a helix, into which the body to be magnetized may be 
inserted. . A single circular turn is more efficient than a 
straight wire, and each turn adds to the power within a 

' certain limit, whether the whole forms a single layer, or 
whether each successive turn encloses the previous one. 

1. When a helix of great p«wer is required, it is composed 
of several layers of wire. The wire forming the coil must be 
insulated by being wound with cotton, to prevent any lateral 
passage of the current. 

2. Fig. 147 represents a helix on a stand. A bar of soft 
iron, N o, being placed within the helix, is connected with the 

* The phenomenon of electro-magnetic rotation is beautifully illustrated 
by Mr. Davis, in his treatise on Magnetism, to which reference has al- 
ready been made. Ho has invented and prepared a great variety of in- 
genious contrivances for the illustration of this subject, and his book should 
be in the hands of all who desire a thorough acquaintance with all that 
has been discovered in the new department of science in which magnetism 
and electricity are combined. The author has been indebted to Mr. Davis* 
volume for a number of explanations which are incorporated in this work. 

How will the cylinders in each revolve, if, instead of a bar-magnet, 
a horse-shoe magnet be employed, with an apparatus on each pole similar 
to that which has now been described ? 

296. How may the magnetizing power of the connecting wires be in- 
creased I Is a single circuit i)referable to a straight wire? Explain Fig» 
147. 
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the Earth has one, Jupiter fouTy Saturn seven, and 
Uranus six : and ^ 

Of an unknown number of comets.*) 

C The stars, which we see in the night time, are supposed to be 
rsns. surrounded bv systems of planets, too distant to be seen 
fr>m the earth.) ^Vithough they appear so numerous on a 
bright night, they become much more so by the aid of glasses^ 

305. ^he planetsf may be distinguished from the stars 
bv their steady light ; while the stars appear to twinklej) 
,*f he planets, likewise, seem to change their relative 
places in the heavens, while those luminous bodies 
which are called /Lre<2 stars appear to preserve the same 
relative positionJ 

l.^Thc sun. the moon, the planets, and the fixed stars, 
which appear to us so small, are supposed to be hirge worlds, 
of various sizes, and at different but immense distances from 
uil) ^The reason that they appear to us so small is, that on 
aecoimt of their immense distances they are seen under a small 
angle of lision.^ 

2^ It has been stated in the early pages of this book, that 
tftry portion of matter is attracted by every other portionA- 
and that(lhe force of the attraction depends upon the qwpMty 

* The pilanrt Neptune, so recently discorered, is andoubtedly attended 
by his secoudarie« or moons, two of which have already been discovered. 
Whether more will erer be dtscorered, is a question which remains for the 
future astronomer to ans^'er. 

t^The meaning; of the word planet is properly a wanderer ^ or a lOffn- 
i*ring stmr^^hfse luminaries were so called because they never retain 
the same situation, but are constantly changing their relative poations a 
whil^those stars which appear to retain their places are called fixed stary 
7^ cause of the moticm of the planets will be presently ez|dained. 



What are the stars supposed to be ? Do we see more by the aid of 
gfaasea than without ? 

305. How may the planets be distinguished from the stars ? How are 
the planets distinguislied from the fixed stars? What is the mean- 
ing of the word planet ? Why are thoy called planets ? What are the 
fixed stars ? What are the sun, moon, planets, and fixed stars supposed 
to lie ? Why do they appear so small ? What has been stated with re- 
gard to the attraction of portions of mutter? Upon what force does tha 
attraction depend ? 



ASTRONOMY. 309 

^ matter and the distance^Qia attraction is mutual, we find that 
qU of the heavenly bodies attract the earth ; and the earth, like- 
i?f ise, attracts all of the heavenly bodies.jAt has been proved, that 
a body when actuated by several forces will not obey either one, 
but will move in a direction between thern^ (jX is so with the 
heavenly bodies, — each one of them is attracted by every 
other one; and these attractions ^r6 so nicely balanced by 
creative wisdom, that, instead of rushing together in one mass, 
they are caused to move in regular paths, (called orbits,) 
around a central body ; which being attracted in different di- 
rections, by the bodies which revolve around it, will itself re- 
volve around the centre of gravity of the systes^. ^Ihus, the 
sun is the centre of what is called the solar system^ andAhe 
planets revolve around it indifferent times, at different oistanceSyy 
and with different velocities^ / 

306. (The paths or courses in which the planets move 
around the sun are called their orbits^ 

l.(ln obedience to the universal law of gravitation, the 
planets revolve around the sun as the centre of their system j 
and (the time that each one takes to perform an entire revolu- 
tion is called its year.) Thus, the planet Mercury revolves 
around the sun in 87 of. our days. Hence, a year on that 
planet is equal to 87 dayv^^he planet Venus revolves around 
the sun in 224 days. That is, therefore, the length of the 
year of that planet. ^ Our earth revolves around the sun in 
about 365 days and 6 hours. Our year, therefore, is of that 
length.) 

2. The length of time that each planet takes in performing 
its revolution around the sun, or, in other words, the length of 
the year on each planet, is as follows. ( T/ie fractional parts of 
the day are omitted.) 

What follows from attraction being mutual? What direction do bodies 
take when actuated by several forces? Is this true with regard to the 
heavenly bodies? What is the centre of the solar system? What is said 
of the revolution of the planets ? 

306. What are the paths in which the planets move around the sun 
called ? Around what do the planets revolve ? What is a year on each 
planet? How long is the year of the planet Mercury? How long is the 
planet Venus performing her revolution around the sun ? How long is 
'•he earth performing her revolution around the sun? What is the length 
of the year on the planet Mercury? Venus? Earth? Mars? Vesta? 
Juno? Ceres? Pallas? JupiK^r^ Saturn? Herschel? Neptune? 




•hoirn by a wl.ile line : tl>'*US'°l;," ''='»» ''■ ^ '" ''"I 
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Fig. lU. 



ieliptic^ or, in other words, where the white and dark lines in 
'lie figure meet, are called the nodes of the planet, from the 
Latin rvodus, a knot or tie.^ 

2XFig. 153 represents a section of the plane 
:>f the ecliptic, showing the inclination of the or- 
bits of the planets. As the lodiac extends onlj 
^ight degrees on each side ef the ecliptic, it ap- 
pears from the figure that the orbits of some of the 
planets are wholly in the zodiac, while those of 
others rise above and descend below it Thus, 
the orbits of Juno, Ceres, and Pallas, rise above, 

while those of all the other planets are confined 

tj^ the zodiacJ^ 

3 12. (When a planet or heavenly body 
is in that part of its orbit which appears to 
be near any particular constellation, it is 
said to be in that constellation. ) 

Thus, in Fig. 152, the comet of 1 6 80 appears 
tp approach the sun from the constellation Leo. 

313. (The perihelion* and aphelion* of 
a heavenly body express its situation with 
regard to the sun^^Vhen a body is nearest 
to the sun, it is saia to be in its perihelion,/ 

(When farthest from the sun, it is said to be 
in its aphelion!) 

The earth is three millions of miles nearer to 
the sun in its perihelion than in its aphelion. 

314. QThe apogee* and perigee* of a 

• The plont] of Perihelion b Perihelia, and of Aphe- 

Uon is Aphelia. (^ When a planet is so nearly on a line 

with the earth and the sun as to pass between them, it 

is said to be in its inferior conjunction ;f when behind 

Jhe sun, it is said to be in its superior conjunction; but 

fwhen behind the earth, it is said to be in oppo^itionL. 




t 



What does Fig. 152 represent? What are the nodes of a planet? What 
do es Fi g. ]53 represent? 
^ jJlSi. When is a planet said to be in any particular constellation ? 

313. What do the perihelion and aphelion of a heavenly body express? 
When is a body said to be in its perihelion ? When is a body said to be in 
its aphelion? How much nearer is the earth to the sun in its perihelioD 
Chan in if& aphelion? \ 
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gun's attraction becomes stronger, on account of the nearness 
of tlie earth ; and, consequently, in its motion from L to E, the 
earth will move with greater rapidity. At E, which is the 
perihelion of the earth, it acquires its greatest velocity. Let 
us now detain it at £, merely to consider the directioD of the 
forces by which it is urged. If the sun's attraction could 
be destroyed, the force which has carried it from L to E, 
would carry it off in the dotted Une from E to G, which is a 
tangent to its orbit. But while the earth has this tendency to 
move towards G, the sun*s attraction is continually operating 
with a tendency to carry it to S. Now, when a body is 
urged by two forces, it will move between them ; but as the 
8un*8 attraction is constantly exerted, the direction of the 
earth's motion will not be in a straight line, the diagonal of 
(me large parallelogram, but through the diagonal of a number 
of infinitely small parallelograms; which, being united, form 
the curve line E A. 

It is thus seen, that, while the earth is moving from L to E, 
the attraction of the sun is stronger than in any other part of 
its orbit, and will cause the earth to move rapidly. But in its 
motion from E to A, from A to B, from B to C, and from C 
to F, the attraction of the sun, operating in an opposite direc- 
tion, will cause its motion from the sun to be retiirded, until, at 
F, the direction of its motion is reversed, and it begins again 
to approach the sun. Thus, it appears that, in its passage 
from the perihelion to the aphelion, the motion of the eiirth, as 
well as that of all the heavenly bodies* must be constantly re- 
tarded ; while, in moving from their aphehon to perihelion, it is 
constantly accelerated ; and at their perihelion, the velocity 
will be the greatest. The earth, therefore, is about seven days 
longer in performing the aphelion part of its orbit, than in 
traversing the perihelion part ; and the revolution of all the 
other planets being the result of the same cause, is affected in 
the same manner as that of the earth. 

319. The earth is about three millions of miles nearer 
to the sun in winter than in summer. 

What 18 said of the motion of the heavenly bodies from perihelion to 
aphelion ? What is their motion from aphelion to perihelion 7 When is 
their velocity the greatest ? How much longer is the earth in performiiig 
the aphelion part of its orbit than the perihelion part? 

319. How much nearer is Ue oarth tc the sun in T^inter thfijk m mmt» 
mer? 



ASnOMOHT. 



The heat of summer, therefore, cannot be c 
the near approach of the earth to the son. 

Show and ice oever melt on the tops of high monntaiiis ; and 
they who have ascended in the atmosphere, in balkxioi, ban 
found thtLt the cold increasea aa they nse. 

320. On account of the inclinatioa of the earth's axi^ 
the rays of the sun fall more or less obliquely OD difler- 
ent parts of the earth's surface, at different seasons of 
the year. The heat is always the greatest when (he 
sun's rays fall vertically ; and the more ohliquely they 
fall, the less heat they appear to possess. 

1. Tliis is the reason why the days are hottest in simimer, 
although the earth is farther from tlie sun at that time. 

2. V \g. 1 55 represents tlie manner in which the niT!< of the 
sun fall upon tlie earth in summer and in winter. The north 
pole of the earth, at all seasons, constantly points to the north 




star N ; and when the earth is nearest to the sun, the rays 
from the sun fall as indicated by W, in the figure ; and as 
their direction is very ohlique, and they have a larger porlion 

320. Whet follows from ths iiioliiialion of Iho earth's axis, with "'""^ 
lo (he direction of the buii'b ray f Wht„ \g the heat always the grf ut^"*^' 
■What i» «aid of oblique rays f What is u,, ,o^„„ u.at the h«l i« B"""' 
in rammer Ihiin in winter? Illustrate this by Fig. 155. How L. the eaiw 
ktoatad with regard lo iu distanoo from the auu in wintor t 
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Circle is witliin the line of perpetual darkness, the son can 
•hine on no p^irt of it. It will, therefore, be constant night to 
all places within that circle. As the whole of the Arctic 
Circle is within the line of perpetual light, no part of that 
circle will be turned from the sun while the earth turns on its 
axis. To all places, therefore, within the Arctic Circle, it will 
be constant day. 

On the 22d of September, when the earth is at C, its axis 
is neither inclined to nor from the sun, but is sidewise ; and, 
of course, while one half of the earth, from pole to pole, is 
enlightened, the other half is in darkness, as would be the 
case if its axis were perpendicular to the plane of its orbit ; 
and it b this wliich causes the days and nights, of this season 
of the year, to be of equal length. 

On the 2dd of December, the earth has progressed in its 
orbit to B, which causes the whole space witliin the northern 
polar circle to be continually in darkness, and more of that 
part of the earth north of the equator to be in the shade than 
m the light of the sun. Hence, on the 21st of December, at 
all places north of the equator, the days are shorter than the 
nights, and at all places south of the equator, the days are 
longer than the nights. Hence, also, withui the Arctic Circle 
it is iminterrupted night, the sun not shining at all ; and within 
the Antarctic Circle it is unmterrupted day, the sun shining 
all the time. 

On the 20th of March, the earth has advanced still further, 
and is at A, which causes its axis, and the length of the days 
and nights, to be the same as on the 20th of September.* 

S3^ degrees /rom the sun, when the days are the shortest Thos, as th« 
earth progresses iu its orbit, after the days are the diortest, it changes its 
inclination towards the sun, till it is again inclined as in the longest days 
in the summer 

* As the difierence in the length of the days and the nights, and the 
diange of the seasons, dec., on tlie earth, is caused by the inclination of 
the earth*s axis, it follows that all the planets, whose axes are inclined, 
must experience the same vicissitude ; and that it must be in proportion to 



Explain, by the figure, the situation of the earth on the 22d of Septem- 
Der. On the 23d of December. On the 20th of March. What follows 
firom the changes on the earth, caused by the inclination of the earth's 
axis ? In what proportion are these- changes? What is said of the ajMof 
the planet Jupiter? 
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9. From the explanatioa of figure 157, it appears that 
there are two parts of hs orbit in which the d&js and nighta 
are equal all over the earth. These pdnts are in the sign of 
Aries and Libra, which are therefore caUed the equinoxes. 
Aries is the vernal (or spring) equinox, and libra the autum- 
nal equinox. 

10. There are also two other points called sokdces, because 
the sun appears to stoTid at the same height in the heavens, in 
the middle of the day, for several days. These points are in 
the signs Cancer and Capricorn. Cancer is called the summer 
solstice, and Capricorn Uie winter solstice. 

321. The sun is a spherical bodvy situated near the 
centre of gravity of the system of planets of which our 
earth is one. 

1. Its diameter is 877,547 English miles; which is equal to 
100 diameters of the earth ; and, therefore, his cubic magni- 
tude must exceed that of the earth one million of times.* It 

tho degreo of the inclination of their axes. As the axis of the planet Ju- 
piter is nearly perpendicular to its orbit, it follows that there can be little 
variation in the length of the days, and little change in the seasons of that 
planet 

There can be little doubt that the sun, the planets, stars, Sui,, are all of 
them inhabited ; and although it may be thought that some of them, on 
account of their immense distance from the sun, experience a great want 
of light and heat, while others are so near, and the heat consequently so 
great that water cannot remain on them in a fluid state, yet as we see, 
even on our own earth, that creatures of diflereut natures live iu different 
elements, as, for instance, fishes in water, animals in air, dec., creative 
wisdom could, undoubtedly, adapt the being to its situation, and with as 
little exertion of power, form a race whose nature should be adapted to the 
nearest or the most remote of the heavenly bodies, as was required to adapt 
the fowls to the air, or the fishes to the sea. 

• Spheres are to each other as the cubes of their respective diameters. 



Note. Is it supposed that the sun, planets, and stars are inhabited? 
What is shown by Fig. 157? Where are these points? What are they 
called? Which is the vernal equinox? Which the autumnal? What 
other two points are there? Why are they called solstices? Where are 
these points ? Which is tho summer solstice ? Which the winter? 

321. What is said of the sun ? What is its diameter ? How much doai 
its cubic magnitude exceed that of the earth ? 



i hs axB Bi S5 dars and 10 boon. This has 
oi semal dark spots wluch bave 




sapposed the greaier number of spots on 
»:«£LU3s ; soaw of vhich he estimated to be 

JL I* 2S TUTcoIr Je u^si ihe sm»* like all the other heaTenly 
4exx«cC32i^. pcrifcipt> ooaefisv) is inhabited by bangs 
mjacr« 2S Jiiir^ed «o Uxar pecniiir orcomstances. 
JLu>oiB^ ^T seme, the son b supposed to be an ba- 
re xr«f. cc acicovs: of the e£^ts produced at the 
Caaoiw A* szzK5T-£vY ««7yyy of mi^es» ret manv facts show 
2«u 2S Tc*:c«:ied bj ibe sua s rays only when they act 
a «nci:tue- iKtiisB. Thas^ saow and ice remain during the 
At ibf :^ci^ -x ibe l^best raonniains^ even in climates 
r u>e rs^tic «:£ .-^cr vkiecs is nevvr known. 
^ Ibe aAi«fr:;fcI 1^*11 is a ai^ular phenomenon, accompany- 
a^ ihe sscL. I: 2s ^ ivai ^g^t vluch ofsen appears to stream 
«^ fr.^2£ Lbe <x£ ^ l::ilr» aiier sunset and bdbre sunrise. It 
s^WfeT^ 3»»r!T ^ ibe foes of a cone, its sides beu^ somewhat 
rtni^eii. jai c«ok*Z;J" -^ ill d*daed. It extends often from 
*^^ 4^'* ^:«>^^ Use iwiveas^ asd always nearly in the direc- 
iNft ^ Uie Tiui^ cc ilbe ec2p:k\ I; is most distinct about 
^ SepoEsci^ v£ Marc}: : bo: is coos^anUy visible in the tonid 
Bane. Tne rjissv^ cc lik pbeoomeaon is not known. 

^^^ Mercury U the nearest planet to the sun, and is 
s^jkkxn sahK: : Secaase his ricinity to the sun occasions 
his S^1•'5C A>?: ia :Se brillfjccv of the sun*s ravs, 

I, T^ beA: cc *Hs jjoe* 25 so gresu that water cannot 
exwt ihrsv. <xofrc ia a siue of Tipor ; and metals would be 
fCwc. Tbe ::::ea<)ea;;ss cc ii:e san's heit^ which is in the 
pev>j^Ktka as iss I^hu is seven times greater in Mercury 



* la «3Htt>ft». tiir fl«a i> HaaSr lepceaeated bj a small cirde» 
lft» Im* «f a muft SB lie. Ui«»: O 



Bmt )ii^^ » k aa f « i fanaaq^ its rpreSiiUoa anmnd its aisT How liai 
di» Wm «M«najw<£ r Wha; d<d Dr. Uefscbcf soppoae these spots to be? 
W|«sj| • tW s«iduKa£ -^ ! At viist tune a it most distinctT Wheie 

:St& \Vte pbuseC i» aMTCfit to the sae ! Why is it sekksB seea ? WImI 
liMi«ril»MK«CthKpUiH^' How srack poaisr is the su'b hsm A 
«athssaitkT 
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than on the earth ; so that water there would he carried off 
in the shape of steam : for, hy experiments made with a ther- 
mometer, it appears that a heat seven times greater than that 
of the sim*s beams in summer, will make water boil. 

2. Mercury, although in appearance only a small star, emits 
a bright white light by which it may be recognised when seen. 
It appears a little before the sun rises, and again a little after 
sunset, but as its angular distance from the sun never exceeds 
23 degrees, it is never to be seen longer than one hour and 
fifty minutes after sunset; nor longer than that time before 
the sun rises. 

3. When viewed through a good telescope. Mercury ap- 

Sears with all the various phases, or increase and decrease of 
ght, with which we view the moon ; except that it never ap- 
pears quite full, because its enlightened side is turned directly 
towards the earth only when the planet is so near the sun as 
to be lost to our sight in its beams. Like that of the moon, 
the crescent or enlightened side of Mercury is always towards 
the sun. As no spots are commonly visible on the disk, the 
time of its rotation on its axis is unknown. 

323. Venus,* the second planet in order from the sun, 
is the nearest to the earth, and on that account appears 
to be the largest and most beautiful of all the planets. 
During a part of the year it rises before the sun, and it 
is then called the morning star ; during another part of 
the year it rises after the sun, and it is then called the 
evening star. The heat and light at Venus are nearly 
double what they are at the earth. 

* By the ancient poets, Venus was called PhosphoTf or Lucifer^ when 
it appeared to the west of the sun, at which time it is morning star, and 
udiera in the light or day ; and Hesperus or Vefper, when eastward of 
the sun, or evening star. 



In what form does water exist in Mercury? How can Mercury be 
recognised when seen ? At what time does it appear 7 How does Mer- 
cury appear when viewed through a telescope ? 

323. What planet is nearest to the earth ? When is Venus called the 
morning star? When is it called the evening star? How much greater 
are the light and heat at Venus than that at the earth ? What name was 
given by the ancient poets to Venus, when morning star? What, when 
•vtmngstar? 

A 
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1. TfSBS, 5ke ^ercvT, presents to ns all the appearances 
Off xKJVikw Aad decrease of l^t common to the mooiu Spots 
as^p aj^o sccaedmes s^en oo its surface, like those on the son. 
Br ne&soc €< ihc great briDiaiicT of this planet, it may some- 
taaaes be Mies erea in the dartnne, bj the naked eye.* But 
i« is Dec«r seies )Aie at n^t, because its angcdar distance horn 
}ht san De-ver exceeds 45 degrees. In the absence of the 
»c«n it wiJ cfe^ a shadov behmd an opaque body. 

2. Both Meicnrr acd Yeniis sometimes pass directly be- 
rvemi the son aad the earth. As their illamhiated soif ace is 
t*>v:aid$ ihe shbil iheir dark side is presented to the earth, and 
they appear like dark spots on the sun's disk This is called 
the\nasst c^ ihesie pianet& 

3:i!4. The earth is the next planet, in the solar system, 
to Veniisw It is not a perfect sphere, but its figure is 
iha: of an MaU spkrroid^ the eqoatorial diameter being 
about 34 iiu!es Linger than its polar diameter. 

It 3s> a«;eadei by ooe moon, the diameto* of which is about 
two thvvososd Eiile&. Its mean distance firom the earth is 
aivctt :^40a*00 nuies, and it turns on its axis in precisely the 
same time that it pefforms its rerolutitxi round the earth; 
namehr, in twentrniine dars and a half. 

525. The tariK •rAe-a rieited from ike moon, exhibits 
prccisfh- tkf saiRf phasfs that the moon does to us, but 
i% opptvfi:^ ordm IVhen the moon is full to us, the 
f<tr:.% 9ciiJ hf dark to the inhabitants of the moon ; and 
irt^x t.h^ noc-n is dark to us^ the earth will be full to 



* TVe i>N»Ni vhv VHP cxastoc se« tli« stais and planets in the daytime, 
k« ikat theur !i^t ks so faiat, cemparMi with the l^t of the son reflected 
by ear atiDdefibefv 



What V the |:;>N&t«et distance at which the planets, Mercnzy and VenoB, 
e^rac «fW'*i' i:«m th« «an T What is meant by the transit of these planets ? 
What » said of the difiexent appearances which Venns ptesentst Why 
c«n we Bol ««e the pCaneCs and stars in the daytime? 

3d4. What pCanet is next to Venus? What is the form of the earth? 
Hew wach Uif^nr is its eqaatorial diameter than its polar? How many 
ttMiwK has the eanh * >Vhat is the diameter of the moon ? What m Jta 
dKtasK^ fiem the eaith * Wliat is the length of a day at the moon? How 
In^ » it in pet^ocmoiir its leToIution around the earth ? 

)^ What ph«Ms does the earth, when vieved from the moon, eidiifaitt 



them, ne earth appears to them chemi 13 times larger 
than the moon does to vs. As the wtoon^ kotnetipr, «/- 
ways presents nearly the same side to the eartk. there is 
one-half of the moon which wee never see, and from whiik 
the earth cannot be seen, 

326. Next to the earth is the pianet Mars. It is con- 
spicuous for its fiery red appearance ; which is sap{K>§ied 
to be caused by a very dense atmosphere. 

1. When -this planet approaches any of the £xed stars, they 
change their color, grow dim, and often become tocaTy iarks- 
ble. This is supposed to be caused by his auDospbe?e. The 
degree of heat and light at Mais is 1^ than half of thai re- 
ceived by the earth. 

2. The four small planets, or asteroids, Vesta, Jnz>o. CereSp 
and Pallas, have all been discovered within the pn&seci cen- 
tury. Vesta was discovered by Dr. Olbers, of Br»nea. in 
] 807 : its light is pure and white. Juno, by Mr. Harding, 
near Bremen, in 1804 : its color is red, and its atmosphere 
appears cloudy. Pallas was discovered by Dr. Olbers in 
1802 : it appears to have a dense, cloudy atmosphere. Ceres 
was discovered at Palermo, in Sicily, by I^azzi, in ISOl : it 
is of a ruddy color. All of these small planets undergo va- 
rious changes in appearance and ^ze, so that their real magni- 
tude is not ascertained with any certainty ; and but little is 
known of them.* 

* It is a remarkable fact, that certain irregularities, observed in the 
motions of the old planets, induced some astronomers to suppose that a 
planet existed between the orbits of Mars and Jupiter ; a supposition that 
arose lonjr previous to the discovery of the four new planets just noticed. 
The opinion has been advanced, that these four small bodies originally 
composed one larger one, which, by some unknown forc^ or convulsion^ 
burst asunder. This opinion is maintained with much ingenuity and plau* 



How much larger does the earth appear than the moon ? 

326. What planet is next to the earth? What renders it conspicuous T 
What is supposed to cause this appearance? How much more light and 
beat does the earth enjoy than Mors? When were the asteroids discov- 
ered ? By whom, and in what year was* Vesta discovered ? What is tht 
color of its light? By whom and when was Juno diccovered? What is 
the color of its light ? When was Pallas discovered ? By whom ? What 
is said of its atmosphere ? When and by whohi was Ceres disoovertd T 
What is its color? What is said m the note with regard to thMt pltOftft 
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527. Jupiter is the largest planet of the solar system, 
mnd the most brilliant, except Venus. The heat and 
light at Jupiter is about 25 times less than that at the 
earth. This planet is attended by four moons, or satel- 
lites ; the shadows of some of which are occasionally 
visible upon his surface. 

1. The distance of those satellites from the planet are two, 
foor, six, and twelve hundred thousand miles, nearly. 

The Dearest revolves around the planet in less than two 
dars : the next in less than four davs ; the third in less than 
eight days ; and the fourth in about sixteen days. 

2. These four moons must afford considerable light to the 
inhabitants of the planet; for the nearest appears to them 
four times the size of our moon ; the second about the same 
size ; the third somewhat less ; and the fourth about one-iiiird 
the diameter of our moon. 

3. As the axis of Jupiter is neariy perpendicular to its 
orhit, it has no sensible change of seasons. 

4. The satellites of Jupiter often pass behind the body of 
the planet, and also into its sluidow, and are eclipsed. These 
eclipses are of use in ascertaining the longitude of places on 
the earth. By these eclipses also, it has been ascertained that 
light is about eight minutes in coming from the sun to the 
earth. For, an eclipse of one of tliese satellites appears to 
us to take pLice sixteen minutes sooner, when the esirth is in 
that part of its orbi: nciirest Jupiier, than when in the part 
farthosi from xhiW planet. Hence, light is sixteen minutes in 
crossing ihe earth's orbit, and of course half of that time, or 
ei:;ht miuucos, in comin^^ from the sun to the earih. 

■UitT br Dr. Brewster, in the Edinbor;^ Elncyclopedia, ArL Astronomt. 
Dr. Brewster f\|rther sapposes, that th« barstiug of this planet may have 
eccMHMied the phenomena of meteoric stones ; that is, stones which ha?e 
faOc* oo th« eazth fiom the atmospheie 



337. Which of the planets is the largsst? How mnch more Eght and 
heftt doM the earth enjoy than Jupiter? How many moons has this 
planet? What is the distanco of these moons from the planet? In what 
time ds tber perform their revolutions around the planet ? How does the 
Kte of these nwons compare with that of ours ? Why has Jupiter no sen- 
able raiiecy of seasons ? Of what use are the eclipses of Jupiter's rooonsi 
How lo«^ is ligbt ia eooiinf ^^^^ tW nn to th« mth? How has thte 
' It 



5. When Tiewed ibraiigh m tdeseope; aercnl bdts or bands 
are disUnct] j seen, sooMtimes extending acroas his di>k, and 
sometimes iniermpied and broken. Thej dijfer in dkukcce; 
position, and number. The j are generallj da^k; bal vhite 
ones have been seen. 

6. On accoimt of the inmiense distance of Jupiter from the 
sun, and also from Mercury, Venus, the Earth, and Mars, ob- 
servers on Jupiter, with eyes like onrs^ can never see either of 
the above-named planets, because thej would always be im- 
mei'sed in the sim s rays. 

328. Saturn is the second in size and the last but one 
in distance from the sun. The degree of heat and light 
at this planet is eighty times less than that at the earth. 

1. Saturn is distinguished from the other planets by being 
encompassed by two large, luminous rings. They reflect the 
sun*s light in the same manner as his moons. They are en- 
tirely detached from each other and from the body of the 
planet. They turn on the same axis with the planet, and in 
nearly the same time.* Tlie edge of these rings is constantly 
at right angles with the axis of the planet. Stars are some- 
times seen between the rings, and also between the inner ring 
and the body of the planet. The breadth of the two rings is 
about the same as their distance from the planet, namely, 
21,000 miles. As they cast shadows on the planet. Dr. Her- 
schel thinks them solid. ^^^^^ 

2. The surface of Saturn is sometimes diversified, UkeThat 
of Jupiter, with spots and belts. Saturn has seven satellites, 
or moons, revolving around him at dift'ercnt distances, and in 
various times, from less than one to eighty days. 

3. Saturn may be known by his pale and steady light. The 

• These rings move together around the planet, but are about thirteen 
minutes longer in performing tl)eir revplutioa about him, than Saturn is in 
revolving about his axis. 



How does Jupiter appear when viewed through a telescope 7 
328. How does Satgm compare in size with the other planets ? How 
is Saturn distinguished from the other planets? What is said of thosa 
rings? How much longer are these rings in performing their revolution 
around the planet than the planet is in performing its revolution on its Hxis^ 
What is the breadth of these rings I Wiiat is said <rf the surface of Sat- 
oml How many moons has Saturn? How may Saturn bo known f 
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aod moQD beii^ in fines at right angles tend to nae ti 

FIf. 161. 





at diff^rpnt places : namely, the moon at G and D, and the sun 
at A and B. Tides that are produced when the moon la in its 
quarters, are low, and ans called ntap tides.* 

OP ECLIPSES. 

337. An eclipse is a total or partial obscuration of one 

heavenly Ixxlv bv the intervention of another. 

• • * 

1, The situation of the earth with r^ard to the moon, or 
rather of the moon with regard to the earth, occasions eclipses 
both of the sun and moon. Those of the sun take place when 
the moon, passing between the sun and earth, intercepts his 
rays. Those of the moon take place when the earth, comii^ 
between the sun and moon, deprives the moon of his light. 
Hence, an eclipse of the sun can take place only when the moon 
changes, and an eclipse of the moon only when the moon fulls ; 

* There are so many natural difficulties to the (roe progresB of the tides, 
that the theory by which they are accounted for is, in fact, and neceonunly, 
the most imperfect of all the tlieories connected with astronomy. It is, 
howeTer, indisputable, that the moon has an efiect upon the tidee, although 
it be not equally felt in uU places, owing to the indentations of the coast, 
the obstructions of islands, continents, &c., which prevent the free motion 
of the waters. In narrow rivers, the tides are frequently very hi^ and 
sodden, from the resistance afibrded by their banks to the free ingress of 
the water, whence what would otherwise be a tide, becomes an accomn* 
lation. It has been constantly observed, that the spring tides happen at 
the new and full moon, and the neap tides at the quarten. This cireom- 
stance is sufficient in itself to prove the connexion between the influence 
of the moon and the tides. 

What are neap tides ? When do they take place ? 
337. What is an eclipse ? When does an eclipse of the son tiWi planet 
When does an eclipse of the moon take place 7 
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for at the time of an eclipse, either of the son or the moon, tki 
mn, earthy and moon must he in tke jaine straight imt, 

2. If the moon revolved around the earth in the same plane 
m which the earth revolves aromid the sun» that is, in the 
ecliptic, it is plain that the snn would be ecUpsed at every new 
moon ; and the moon would be eclipsed at eveiy folL For at 
each of these times, these three bodies would be in the same 
straight line. But the moon's orbit does not cdncide with the 
ecliptic, but is inclined to it at an angle of about 5^ 2(K. HeQce» 
^ce the apparent diameter of the sun is but about \ a degree, and 
that of the moon about the same, no eclipse wiU take place at 
new or full moon, unless the moon be within ^ a degree of the 
ecliptic, that is, in or near one of its nodes. It is found that 
if the moon be within 16^^ of a node at time of change, it wiO 
be so near the ecliptic, that the sun wiA be more or less 
eclipsed ; if within 12^ at time of full, the moon will be more 
or less eclipsed. 

3. It is obvious that the moon will be oftener within 16}^ of 
a node at the time of change, than within 12^ at the time of 
full ; consequently there will be more eclipses of the sun than 
of the moon in a course of years. As the nodes commonly 
come between the sim and earth but twice in a year, and the 
moon's orbit contains 360^, of which 16^°, the limit of solar 
eclipses, and 12^, the limit of lunar echpses, are but small 
portions, it is plain there must be many new and full moons 
without any eclipses. 

4. Altnough there are more eclipses of the sun than of the 
moon, yet more eclipses of the moon will be visible at a par- 
ticular place, as Boston, in a course of years, than of the sun. 
Since the sun is very much larger than either the earth or 
moon, the shadow of these bodies must always terminate in a 
point; that is, it must always be a cone. In Fig. 102, let S 
be the sun, m the moon, and E the earth. The sun constantly 
illuminates half the earth's surface, that is, a hemisphere ; and 
consequently it is visible to all in this hemisphere. But the 



What is necessary at the time of an eclipse ? How often would there 
be an eclipse, if the moon went round the earth in the same plane in which 
the earth goes round the sun? Why? What is the inclination of the 
moon's orbit to the ecliptic ? What is the apparent diameter of the sutt 
and moon 1 What follows from this ? When is the sun eclipsed 1 Wbett 
the moon? Does an eclipse happen every time there is a full or ll*^ 
moon ? What must the shadows of these bodies always be 7 Why T 
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moon's shadow falls upon a part only of this hemisphere; and 
hence the sim appears eclipsed to a part <Hily of those to whom 

Fig. 16S. 




it is visible. Sometimes, when the moon is at its greatest dis- 
tance, its shadow, O m, terminates before it reaches the earth. 
In eclipses of this^kind, to an inhabitant directly under the 
point O, the outermost edge of the sun*s disk is seen, forming 
a bright ring around the moon; from which circumstance 
these eclipses are called annular, from annulus, a Latin word 
for ring. 

Besides the dark shadow of the moon, m O, in which all the 
light of the sun is intercepted, (in which case the eclipse is 
called total,) there is another shadow, r C D S, distinct from 
the former, which is called the penumbra. Within this, only a 
part of the sun*s rays are intercepted, and the eclipse is called 
• partial. If a person could pass, during an eclipse of the sun, 
from to D, immediately on emerging from the dark shadow, 
m, he would see a small part of the sun ; and would con- 
tinually see more and more till he arrived at D, where all 
shadow would cease, and the whole sun's disk be \4sible. Ap- 
pearances would be similar if he went from O to C. Hence 
the penumbra is less and less dark, (because a less portion of 
the sun is eclipsed,) in proportion as the spectator is more re- 
mote from 0, and nearer C or D. Though the penumbra be 
continually increasing in diameter, accordmg to its length, or 
the distance of the moon from the earth, still, under the most 
favorable circumstances, it falls on but about half of the illu- 
minated hemisphere of the earth. Hence, by half the in- 
habitants on this hemisphere, no eclipse will be seen. 

5. Fig. 163 represents an eclipse of the moon. The instant 
the moon enters the earth's shadow at x, it is deprived of the 
sun's light, and is eclipsed to all in the unilluminated hemi- 



Explaiu Fig. 1()2. When is an eclipse called annular ? Explain by Fig- 
163. What is a penumbra ? 
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■pbere of the earth. Hence, eclipses of the moon are visible 
to at leaat twice as a^my inhabitants as those of the sun can 




be ; generally the propprtjon b much greater. Thus, the in- 
habitants at a particular place, as Boston, see more eclipses o£ 
the moon than of the smi. 

6. The reason why a lunar eclipse is visible, to all to wbrnn 
the moon at the time is visible, and a gotar one is not so to ail to 
whom the sun at the time is visible, may be seen from the na- 
ture of these eclipses. We speak of the sun's beine eclipsed ; 
but, properly, it is the earth which is eclipsed. No change 
takes place in the sun ; if there were, it would be seen by all 
to whom the sun is visible. The sun continues to diffuse its 
Beams as freely and uniformly at such times as at others. But 
these beams are intercepted, and the earth is eclipsed only 
where the moon's shadow falls, that is, on only a part of a 
hemisphere. In eclipses of the moon, that body ceases to re- 
ceive light from the sun, and, consequently, ceases to reflect 
it to the earth. The moon undergoes a change in its ap- 
pearance ; and, consequently, this change is visible at the same 
time to all to whom the moon is visible ; that is, to a whole 
hemisphere of the earih. 

7, The earth's shadow Qike that of the moon) is encom- 
passed by a ronurahra, CRS D, which is faint at the edges 
towards R and S, but becomes darker towards F and 0. The 
shadow of the earth is but little darker than the region of the 
penumbra next to it. Hence it is very difhcuU to determine 
the exact time when the moon passes from the penumbra into 
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tbe abadoir, and from the shadow into the penumbra ; thai ii, 
when the eclipse be^ns and ends. But the beginning and 
ending of a solar eclipse may be determined almost instan* 
taneously. 

8. The diameters of the sim and moon are supposed to be 
divided into 12 equal parts, called dibits. These bodies are 
said to have as many d^ts eclipsed as there are of those parts 
involred in darkness. 

0. There must be an eclipse of the sim as often, at least, as 
one oi the moon's nodes comes between the sun and the earth. 

10. The greatest number of both solar and lunar eclipses 
that can take place during a year is seven. The usual number 
is four — two solar and two lunar. 

11. A total eclipse of the sun is a very remarkable phe- 
nomenon. 

12. June 16, 1806, a very remarkable total eclipse took 
place at Boston. The day was clear, and nothing occurred to 
prevent accurate observation of this interesting phenomenon. 
Several stars were visible ; the birds were greatly amtated ; a 
gloom spread over the landscape, and an indescribable sensa- 
tion of fear or dread pervaded the breasts of those who gave 
themselves up to the simple effects of the phenomenon, without 
having their attention diverted by efforts of observation. The 
first gleam of light, contrasted with the previous darkness, 
seemeid like the usual meridian day, and gave indescribable 
life and joy to the whole creation. A total eclipse of the sun 
can last but little more than three minutes. An annular eclipse 
of the sun is still more rare than a total one. 

OF TIME. 

338. When time is calculated by the sun, it is called 
solar time, and the year a solar year ; but when it is 
calculated by the stars,* it is called sidereal time, and 

* The solar year consists of 365 days, 5 hours, 48 minutes, and ^sec- 

Into what are the diameters of the sun and moon supposed to be divi- 
ded 7 How many digits are these bodies said to have eclipsed ? How 
often must there be an eclipse of the sun ? What is the greatest nombeft 
of both lunar and solar eclipses, that can take place in a year? What is 
the usual number 7 What is said of the eclipse of the sun in 1806 ? 

d3a What is time called when calculated by the sun 7 What is m 
»al time 7 How much longer is the sidereal year than the solar? 
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the year a sidereal year. The sidereal year is 20 
minutes and 24 seconds longer than the solar year. 

1. A solar year* is measured from the time the earth 

oiids ; but our common reckoning gives 365 days only to the year. Am 
the difference amoonts to neariy a quarter of a day every year, it ia mnalf 
every fourth year, to add a day. Every fourth year, the Romaaa reck- 
oned the 6th of the eaUnds of March, and the foUomimg dmy a§ erne dmy ; 
which, on that account, they called biaaextile, or twice the Sifi day ; wfaeace 
we derive the name of bissextile for the leap year, in which we give t» 
February, for the same reason, 29 days every fourth year. 

* As it may be interesting to those who have access to a celiwHil globe» 
to know how to find any particular star or censtellation, the foUowing di- 
rections are subjoined : 

There is always to be seen, on a clear night, a beantifai doster otmiwtm. 
brilliant stars, which belong to the consteHation " Ursa Major" or the 
Great Bear. Some have supposed that they will aptly repreeent a plough ; 
others say that they are more like a wagon and hones, the four itan rep- 
resenting the body of the wagon, and the other three the hones. Hence 
they are called by some the plough, and by othen they are called 
Charles's wain, or wagon. 

Fig. 1 64 represents these seven stan : a b dg fig. 16i> 

represent the four, and e « B the other three p 

stars. Perhaps they may more properly be ▲ 

called a large dipper, of which ezB represent | 

the handle. If a line be drawn through the V K 

stars b and a, and carried apwaids, it will pass | '\ 

a little to the left, and nearly touch a star rep- | \ 

resented in the figure by F. This is the polar j \^ « 

star, or the north pole star ; and the stara b a 1 ^a: ^^h 

and a, which appear to pomt to it, are called *♦" • a 

the pointers, because they appear to point to B / ^ ^ * ▼ 

the polar star. / o 

The polar star shines with a steady and 
rather dead kind of light It always appears 
in the same position ; and the north pole of 

the earth always points to it at all seasons of the year. The other stan 
seem to move round it as a centre. As tins star is always in the north, 
the cardinal points may at any time be found by starlight 

By these stars we can also find any other star or constellation. 

How is a solar year measured? What is the length of a solar jeart 
Why is a day added every fourth year, to the year ? How is a wdereal 
year measured % 



/ 
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•rts oat from m particular pcnnt in the ecliptic, as an equinox, 
or solstice, until it returns to the same point again. A sidereal 
jviir is measured by the time that the earth takes in making 
in entire revolution in its orbit ; or, in other words, from the 
time that the son takes to return into conjunction with any 
fixed sur. 

i. Erenr equitK>x occurs at a point, 5CK^ of a deg. of the 
mat circle^ preceding the place of the equinox, 12 months be- 
lore ; and this b called the p reee ssic n of the equinoxes. It is 
this circnmstance which has catised the change in the situation 
of the coRsiellatioos of the sodiac, of which mention has al- 
HMdT been made. 

S. The earth^s diurnal motion on an inclined axis, together 
with its annual revolution in an elhptic orbit, occasions so much 
complication in its motion, as to produce many irregularities ; 
therefore true equal time cannot be measured by the sun. A 
dock, which is alwavs perfectly correct, will, in some parts of 
the year, be before the sun, and, in other parts, after it. There 
are but four periods in which the sun and a perfect clock will 
asnree: these are the >5th of April, the 16th of June, the 23d 
0^ Aus^ust, and the 24th of December. 

4. The greatest difference between true and apparent time 
amounts to between ^xteen and seventeen minutes. Tables of 
eqoation are constructed for the purpose of pointing out and 
correcting these differences between solar time and equal or 
mean time, the denomination given by astronomers to true 
time, 

Thtt^ if we c^ iMvire a line drawn finom the star i; leaving B a little to 
the left, it will pass througii the vety brilliant star A. By looking on a 
eeleacial globe for the star z, and supposing the line drawn on the globe, 
as we coaceire it done oo the beavcDs, we shall find the star and its name, 
which is Arctixra& 

Oooceiring another line drawn throt^ ^ and &, and extended some dis- 
tance to the right, it wiU pass just above another veiy btiOiant star. On 
referring to the globe, we find it to be Capella, or the goat 

In th» manner, the student may become acquainted with the appeaiw 
anoe of the whole heavens. 



What is the precession of the ^ninoxes? What chai^ has this dr- 
cumstance caused, with regard to the ^uation of the consteUatioos ? Can 
tnje equal time be mea.-»ured by tJiesuu? AVhy? At what peri.ids of 

the year do the sun and a perfect clock agree? What is the greatett difl«^ 
•nc» betwaeo trua and apP*^®*** time I 
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Aberration of light, S87. 
A.ccelerated MoUon, 33. 

(* ** how produced, 32. 

Accidental Properties of Matter, 19. 
Achromatic lenses, 186. 
Acid employed in the galranio circle, 

220. 
Acoustics, 17, 18, 124. 
Acoustic tubes, 130. 

Acre of ground, quantity of moisture ex- 
uded from in twelve hours, 104. 
Action and Reaction, 34. 
Action and reaction enable birds to fly, 

fishes to swim, &c., 36. 
Action and reaction of elastic and non- 
elastic bodies, 36. 
Acute Angles, 38. 
Advertisement, 7. 
Aeriform Fluids, 19, 97, 98. 

«t « elasticity of, 99. 

Aerolites, 289. 

Africa, pestilential winds from, 109. 
Air, 97. 98. 

« a heterogeneous mixture, 98. 
as a conductor of sound, 137. 
or atmosphere, at what height it 

loses its refractive power, 28. 
circulation of the, 108. 
" compressibility of, 99. 
" compression of the, at the surface 

of the earth, 28. 
" condensed, experiments with, 117. 
" " how weighed, 118. 

*< contained in water and in wood, 115. 
" decrease of its density, 97. 
" density of, affected by heat «ad 

cold, 118. 
" different states of the, at different 

heights, 98. 
" effect of heat on, 133. 
" effect of its elasticity on a receiver, 

109. 
" effect of its elasticity, 101. 
*' effects of the rarity of, in very ele- 
vated situations^ 103. 
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Air, elasticity of the, opposad tt tU 
gravitation, 28. 
essential to animal Ufa, 122. 
** to combustion, 122 

« «< to sound, 124. 

" expansion of, 99. 

** experiment illustrating the com- 
pressibility ot 117. 

" experiments showing the elasticitj 
of. 115. 117. 

'* experiments sbowingits fluidity, 1 19. 

** experiments illustratiiig the gravity 
of, 112. 

** experiments showing the inertia of, 
119. 

" experiment illustrating the light- 
ness of, 117. 

** experiment illustrating the mate- 
riality of, 116. 

*• fluidity of the, efiiect of, 100. 

" heiOed above the boiling point of 
water, innocuous, proved by ex- 
periments of Sir Joseph Banks, 
136. 

*( how affected by the vibrations of a 
sonorous body, 125. 

** how it becomes a mechanical agent, 
100. 

" impenetrability of the, 104 

«* inertia of, 100. 

** motion of the, how caused, 107. 

** necessary to animal life and to com- 
bustion, 98. 

** of what composed, 98. 

** one of the elements of the ancient 
philosophy, 18. 

" pressure of the, its effects on the 
liquid form of some bodies, 129. 

" pressure of the, retards ebullition, 
122. 

" principal properties of, 98. 

«« resistance of the, to the ascent o» 

fluids, 94. . .,_- 
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Air, retistaoce of the, to the motion of a 

caBOOD ball, 44. 
** Scales for weighing. 114. 
•' specific grarity of the, 98. 
" •* •• how affected. 101. 

** sobject to the law of attraction, 98. 
•• weight of the, 99. 
** or atmosphere, when heaviest, 101. 
** why light pj^ng through is partly 

absorbed, 158. 
** when the best conductor of sound, 

lao. 

** wliere unfit for respiration, lOS. 

** why mvisible, 98. 

** why It seems heavier in wet than in 

dry weather. IDS. 
" why less dense on an elevated spot, 

lot. 
** why more dense at the surfsce of 

the earth. 28. 
** Chamber, 117. 
'* Gun. force of the, 118. 
" ** principle of the, lia 
** Pump, 109. 
" pumps, how made, 109. 
** Pump lo the steam-eogine, 143. 
** Pump, expenmeuis made with the, 

US. 
** Pump, operation of the, 1 10. 
** Pump, ■* Wightman's Companion** 

to the, 112. 
<* Pump, Wightman's Patent Lever, 

111. 
" Pump, the double. 111. 
Alcohol, how inflamed by the Electrical 
machine, 207. 
** how made to appear to boil, 123. 
Airs Well, (a watchword,) distance at 

which heard, 130. 
Alpha Leonis, 262. 

Alphabet of the Magnetic or Electro- 
Magnetic Telegraph, 252. 
Amalgam, lOI. 2U2. 
Aroencan Electro-Magnetic Telegraph, 

251. 
Amp(^re*s . contrivance for illustrating 

Electro Magnetic rotation, 246. 
Ampere's theory of Electro-Magnetism, 

240. 
Analysis, or decomposition, 15. 
Ancient Philosophers, their opinion of 

material substances. IS. 
Andes. Volcanoes of, distance at which 

they are heard, 130. 
Angle, 37. 

** sue of, on what it depends, 37. ' 
** of Incidence, 37. 



An^es of reflection, 38. 
" of vision, 159. 
** of vision, its connection with the 
appearance of the besTenlr 
bodies, 258. 
An^ee, how measured, 38. 

** of incidence and reflection, 39. 

128. 141. 157. 165. 
** of incidence and reflection al* 

ways equal, 38. 
'* right, obtuse, acute, 38. 
Animal life, air essential to, 121 
Annular eclipses, 296. 

** eclipse of the sun very uncom 
mon,398. 
Anode, 193. 
Antarctic Circle, S7S. 
Aphelion, S65. 
Apogee, 266. 
Apparatus to illustrate the pressure of 

fluids, 83. 
Apparition, appearance of, presented by 

concave mirrors, 164. 
Aquarius, 253. 
Aqueducts, the Roman, 94. 
Aqueous humor, 175. 177. 
Arabia, pestilential wind from, 109. 
Arago, M. his discoveries in Electro* 

Magnetism, 240. 
Archer, The, 263. 
Archimedes, 70. 

Archimedes* discovery of the mode of as 
certaining specific gravity of bodies, 88. 
Archimedes, Screw of^ 92. 
Arctic Circle, 272. 
Arcturus, 300. 
Aries, 263. 

Arm, bones of the, 58. 
Art and Science, connection between, 16. 
" ** difference *• 16. 

Artesian Wells, 94. 
Artificial magnet, 232. 
Artificial magnets, how made, 238. 
" ** new mode of making, 

238. 
Arts Mechanic, explained, 16. 
Ash, specific gravity of, 87. 
Asteroids, 257. 279. 
Astronomy, 17, 1&257. 
Astronomical Telescope, 184. 
Atmosphere, effect of its refractive 
power, 170. 
" effect of its refractive 

power on the length of 
the day, 287. 
heaviest in dry weather 
and lii^Uett la tffvt, 101 
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Atmosphere} height of the, 88. 

** instrument for ascerUuiUDg 

the weight of the, 101. 
** pressure of the, 99. 

" pressure of the, its influ- 

ence on the barometer, 
101. 
** pressure of the, on the ba- 

rometer, on what princi- 
ple exerted, 103. 
" prevents the sky from ap- 

pearing black, 188. 
" weight of the, 99. \12. 

Atmospheric pressure in the steam-en- 
gine supplanted by the expansive 
power of steam, 143. 
Atmospheric Steam-Engine, 1452. 
Attraction, 19. 22. 

♦« general law of, 15. 

** capillary, 74. 

** causes some bodies to rise and 

others to fall, 29. 
** electrical, 199. 
** magnetic, 233. 
<* mutual, 259. 
" of cohesion, 23. 
** of gravitation, 23. 
" of gravitation mutual in all 

bodies, 26. 
" of matter, its connection with 

Astronomy, 258. 
** two kinds of, 23. 
universal, 26. 
where strongest, 74. 
*' and repulsion of electric cur- 
rents, 242. 
Attractions nicely balanced by creative 

Wisdom, 259. 
Aurora Borealis, 212. 
Autumnal equinox, 275. 
Axes, 67. 
" of the planets, not perpendicular 

to their orbits, 266. 
" ofthe earth, 271.' 
Axis of a lens, 171. 
'* of motion, 41. 
Azote, 98. 



Bagatelle, 39. 

Baker, The Connecticut, 141. 

Balance, 57. 263. 

Ball, cause of its rebounding, 37 

•♦ Hero's. 118. 

»* tnrowr from a gun, 39. 

** thrown in n hohzuutal direction, 43. 
BaliiKic penauium, 45. 
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Balloons, eaase of their MMCtmdtng in th« 

atmosphere, 29. 
Balloon, the i*neumatic, 115. 
Balls, velocity of, when propelled b| 

gunpowder, 45. 
Banks, Sir Joseph, his experiments in n 

heated room, 136. 
Barber's (Dr.) prammnr of EtocutioB. 

131. 
Bar magnets, how made, 830. 
Barometer, 101. 

greatest depression of tht 

103. 
highest elevation of the, 108 
where highest, where low* 
est 103. 
** why mercury is used in the, 
103. 
Base of a body, 47. 
Bath, (the Pneumatic Shower,) I80l 
Battery, Electrical, SOOl 

" galvanic electric eurrents fron 
the, 340. 
Beam of light. 154. 
Beech, specific gravity of, 67. 
Bell, when loudest in sound, 184. 
** when heard most distinctly, isa 
** metal, 69. 
Bellows, The Hydrostatic, 82. 
Bennett's Gold Leaf Electroscope, mi- 

proved by Binger, 304. 
Beta Scorpii, &63. 

Biela's comet, periodical time of, 385. 
** prediction of the return of a 
comet, 285. 
Billiards, 39. 
Birds, muscular power of, 36. 

•* how they fly, 36. 
Bissextile, 299. 

Black, merely a deprivation of color, 190. 
*' lead, why used in machinery, 69. 
Bladder Glass, 113. 115. 
•• Blowing out" of a steam-engine. 144. 
Blue, indigo and violet rays, why lewt 
refracted, 187. 
" vitriol, 226. 
Boats, how propelled by oars, 36. 

" &c., why they float in the water, 
85. 
Bodies floating in a fluid, 85. 

** to what they owe their sonorous 

properties, 125. 
'♦ what stand most firmly, 48. 
Body of a man, pressure of the atmos 

phere on, 99. 
Boiler of a steam-engine, 148. 

*• how secured from bursting, 145* 
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^ dumeter ol 98L 
« distanoe from the son, tML 
*** teninliaf dmrimkiiomivMQL 
^ temptli of iheyearo^MQL 
'^ penbelion oC 906. 
Chmi&Tmn^ SI. 
Caudk. specific gnrrjtj of, S7. 
Cbastny. the oeMniod acnlptor, 1S7. 
Cbuiuaers used in JLlmaiuies and Astxo* 
somical works to rq ucaau t tbe plac- 
ets, andslsotbe sagat of tte Zodiac, 
96S. 
Chai^pKl wben & tody is sud to be, witlt 

clectiicily, 187. 
Cluu-les' Wain, «». 
Cbemical action, general law d, SSL 
*« elfecuofIigiit,19I. 
** properties of liyii*!^ a^d lii> 
ids, 96. 
Cbemistiy, 14, 15. 17. 
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Chisels, 67. 

Chord, (masicaL) how 

M of an octare, 
obtained. 
Choroid, 175. 
Chromatics, 18ft. 
Circle and its part% 37. 

** centre oi, 37. 

** of perpetoal oeeoltatioD. S98L 
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Circuit 

Circular motion, 40. 
^ M t* how chanced to 

linear, 6t. 
" M of the reTolTin^jet, by 

what caused, Ua. 
Circamfermce, 37. 
Cistern of a steam-engine, 143. 
Clapper of a pair of bellows, 106. 
Clay, contraction of bj heat, 138. 
Climate, cause of the rarietj oC 97flL 
Clock, hour and minute hands of, S3. 
Clocks, how regulated, L e. to go Cuter 
or slower, ML 
** pendulums of, haw kept in bo- 

tion, 51. 
" pendulums how lengthened or 

shortened, 59. 

•( time of; sometimes before, and 

sometimes after that of the 

sun, 300. 

** why affected by the seasons. 53L 

Clothing, warmth of difliBrei^ kinds ol, 

cause of, 135. 
Clouds, height of die, 2& 

*' of what composed, S& 104. 133. 
Clydesdale, effect of galvanism on, 938. 
Coal, specific grarity of, 87. 
Cobalt possessed of magnefir prop CT ti es» 

232. 
Cogs on wheels, 65. 
Cohesion, attraction of, 23. 
Cohesive attraction, aenform fluids des- 
titute of. 0& 
« <« affected by heat,133. 

« ** independent of grar 

Titation.26. 
«( M not found in fluids, 

99. 
Coins of alloyed metals, why they per- 
ish, 230. 
" of pure metal, why more imper- 
ishable than those which are 
alloyed, 230. 
Cold, 139. 133. 
** and ^*at, effect of, on density, 140. 
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" distafbed by the g ia t ilatw of 

tkepiaBets.tfa5. 
** BMBenae velocity of when ia 

penheiMm. 2&4. 
** loigthof the tails of 285 
GbowCa, moCioB of tails of, 2&1. 

** Newton** opini<m respecting 

the tails of , 2S4. 
** nomber oC 283. 
M M in the Solar System, 

285. 
orbits of which have been cal- 
culated, 284. 
periodical time of Halley^- 

Encke's, and Biela*s, 285. 
revolution of, 284. 

Common Pump, 92. 

air. specific gravity of, 87. 
Compass needles, how oorreoted, Sift. 
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•ither iwnllel or less 
convergent, 163. 
Convex mirrors reflect images smaller 
than the objects, 163. 
*< surfaces disperse sound, 130. 
«« '« facts with regard to, 173. 

Cork, 237. 
** specific gravity of, 87. 
** w hy it will not sink in water, 29. 85. 
Cornea, 175, 176. 

Cooper's mode of securing hoops, 138. 
Copper, specific gravity of, 87. ••• • 

Couching (of the eye,) 179. 
Coulonvb's discovery that all solid bod- 
ies are susceptible of magnetic influ- 
ence, 234. 
*' Couronne des tasses," 224 
Crab, The. 263. 
Cranks. 64. 

Cross, the Southern, 288. 
Cross-currents, 91. 

Crystalline humor, effect of when too 
round or too flat, 179. 
humor, convexity of, bow 
increased or diminished, 
179. 
lens, 175. 177. 
Current of electricity, 221. 

" rapidity of, how ascertained, 91. 
Currents of electricity, 240. 
Curvilinear motion, 42. 
Cutting instruments, 67. 
Cylinder, 62. 

" how made to roll up a slope, 48L 
" of a steam-engine, 143. 
Cyprias, 129. 

Daguerre, M., 193. 

Daguerreotype, 193. 

Dark, why none but luminous objects can 
be seen in the, 158. 

Darkness produced by a total eclipse of 
the sun, 155. 

Davis, (DanieU Jun.,) 237. 

Davis, (Daniel. Jun.,) his treatise on mag- 
netism, 237. 247. 251. 255. 

Davy, Sir Humphrey, his discoveries in 
Electro-Magnetism, 240. 

Day of a planet, 260. 

Day Glass, 184. 

Day and night, cause of, 273. 

Days, length of the, cause of, 274. 

Days and nights, cause of the difference 
of the length of, 266. 

Dedication, 4. 

Deeimest of color, on what dependent, 
19a 



Degrees, 37* 

Delisle*s scale for the thermometer, IflL 

Delphi. Oracle of, 13S. 

Dense bodies, 23. 

Density, 19. 23. 

*• bodies ofdillerent, why they tel« 

with unequal Telocity, 27. 
** how ailected by heet end eoUU 
140. 
Depth, 21. 

of a well, estimated bf a fUUng 
body, S3. 
Descent of falling bodies, how impededt 
30. 
** of projectiles, 4X 
Devil, the Cartesian, 1 16. 
Dew, how produced, lOi. 
Dew and Fog, difference between, lOA. 
Diagonal, 38. 
Ihameter, 37. 

** of Heavenly bodies, how ex- 
pressed, 161. 
Diameters of the sun and moon, how 
divided with reference to eclipses, 996. 
Difference oetween Fog and Dew, 104. 
** between Natural Philoeophy 
and Chemistry, 15. 
Digits. 996. 
Dilatation of metallic beams effected by 

the weather, 139. 
Dionysius, the tyrant of Sicily, 128. 

** ear of, 198. 
Dioptrics, 167. 

*< fundamental laws of, 168. 
** principles of, 174. 
Dipping of a magnetic needle, 236. 

" of the magnetic needle, cause of 

the, 236. 
** of the magnetic needle, how 
corrected, 236. 
Direction, line of. 47. 
Discord, (musical,) how produced, 126. 
Dispersion of colors by lenses, 184. 
Distance, mean, of the several planets 

from the sun, 260. 
Distilled water, a standard for computing 
specific gravity, 86. 
" " why used for computing 

specific gravity of bod- 
ies, 86. 
Distinction between the signs and the 
constellations of the zodiac, 263. 

Diverging rays, 153. 

•♦ '• effect of concave surfaces 

on. 174. 
«« •• effect of convex 8ur<»®^ 

oin>17t. 
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Electric floid, Immense velocity of the, 
315. 
»• shock from galvanic battery, 
how received, 234. 
Slectrical attraction and repulsion, 198. 
" Battery, SOQ. 

•« beUs, 306. 206. 

«* fishes, 216. 

** machine, SOL 
*« «♦ experiments with 

the, 204. 
•* •* operation of the, 

20S. 
** machines, on what principle 

constracted, 302. 
•• •* power of, how test- 

ed. 204. 
« Sportsman, 209. 

** Sawmill, 213. 

" Tellurium, 206. • 

Electricity, 17, 18. 194. 

** and magnetism, combined 

action of, 241. 
" by induction, 201. SIS. 

** by transfer, 201. 

** circuit of, 201. 

*• currents of, 240. 

** developed by chemical ac- 
tion, 220. 
<* developed by heat, 255. 

«* different kinds of, always ac- 

company each other, 198L 
•* effects of, 104. 

** effect of, on the Magnetic 

Needle, 241. 
** excited in glass, what called,* 

198. 
*' experiments in, 210. 
** Frictional, and Galvanic, or 

Voltaic, 196. 
** General remarks on, SIS. 
** how excited, 195. 

** how it divides all substances, 

195. 
** taduced by magnetism, 241. 
magnetism induced by, 241. 
particular law of, 15. 
** (galvanic,) perfect and im- 

perfect conductors of, 219. 
positive and negative, 195. 
** positive and negative mere- 
ly relative terms, 215. 
•* principal reservoir of, 197. 
** simplest mode of exciting, 
198. 

• three states of, 356. 

• / velocity of, S5S 
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Eleetrlct, IM. 
Electrified positively, 185. 
Electrodes, 185. 
Eleetro-lfiigiiet, S48. 
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fDiiiied by 
Henry and Dr. Teo 
Syck,S48. 
** ** of ProfBssor Henry, tb6 

means of the con- 
stnietion of the Mag- 
netic Telegraph, SSL 
Electio-Magnetfe induction, Stt. 
MultipUer, S44. 
rotation, S44. SIC 
rotation. Ampere*! ap- 
paratus for illostra- 
ting,S«0. 
rotation, Fluaday^ 
apparatus for illu*- 
tnttiBg.S45. 
Telegraph, S5L 
Electro-Magnetism, 17, 1& 196. 232. S4a 
«* " as a moving power, 

sss. 

•« ** principal teets in 

connexion with, 
S4L 
•• •• wonders of, S5S. 

Electrometer, SOL 
Electroscope, SOL S4L 
Electrotype copy of a steel plate, 150. 
Ehn, spedfic gravity of, 87. 
^Mike's comet, periodical time of, 285. 
^ prediction of the return of a 
comet, 385. 
Engineer, how tanght to direct his guns, 

46. 
Engines, Steam, the Condensing and the 
Mon-condenstaig ; or the high and the 
low pressure, 145. 
Entomology, IS, IL 
Ephesus, oracle at, 133 
Equation of time, tables of, 300. 
Equator, S71. 

Equatorial regions move fastest in ihe 

daily revolution of 
the earth, 42. 
" " why hottest, 270 

Equilibrium, how produced in the Steel- 
yard, 57. 
of fluids, 76. 

** " how applied to the 
eommon pumpi 

106. 
H •« inatruroent ff' 

showing, 95. 
«f «• rMQltofthe, 100 
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Bquilibrium of fluids, the principle of the 

barometer, 101. 
£quiDoxes, f75. 300. 

precession of the, S63. 300. 
elements of a galvanic circle, 

tso. 

** properties of matter, 19. 
£tlier, bow inflamed by the electrical 
machine, SOT. 
" bow made to appear to boil, ISS. 
Xthiea, meaning oC 13. 
Evaporation of water, SS. 
Eihauating and Condensing Sjringe, 

117. 
Exhaustion by an air-pump, degree of, 

bow shown, 111. 
BzpansibUity. lA. 14. 
BzpaBsion caused by heat diflerent in 
all substances except aeri- 
form fluids, 140. 
** of bodies by heat, jpstru- 

ment to show, 138. 
Expansive power of Steam, substituted 
for atmospheric pressure in the Steam- 
engine, 143. 
Experiment illustrating at once the 
materiality, compressi- 
bility, elasticity, and 
lightness of air, 110. 
** illustrating the principal 

truths of Hydrostatics 
and Pneumatics, 117. 
** ahowing that the pressure 

of a liquid is exerted in 
all directions, 117. 
*■ showing that the pressure 

of a liquid is in propor- 
tion to its depth, 117. 

* showing that the pressure 

of the air retards evapo- 
ration, 132. 

* to freeze water artificJally, 

1S3. 
Eip«rlments (miscellaneous) depending 
on two or more proper- 
ties of air, 120. 

* illustrating the gravity of 

air, 112. 

•• Ulustrating Divisibility, 31. 

^ illustrating the impenetra- 

bility of water and of 
air, 80. 

** in electricity, 210. 

* ihowing mutual action and 

reaction, 35. 

* riiowing the elasticity of 

•tr,llA. 
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EzperiflMBts diowing ibe infaty of ai^ 
119. 
showing the inatiaof ar, 

119. 
to show that beat ii jn- 
duccd by euai \ ti m n. 

with condensed sir. 117. 
*■ with lull and eaptrbottki 

sunk in the sea, 71 
** with the electiinl m 

chine. 304. 
* with the magnet 331 

** with the Sipboa 12L 

Eztension, 19, 31. 

Eye, a natural Camera Obscora, 178. 
brilliancy of the, by what caused, 

178. 
color of the, cause of, 175. 
remedy for the defects of the, 17i 
explanation of the, 175. 
imperfections of the, 179. 
of what composed, 175. 
parts of, described, 178. 
the human, glasses suitable fort 
when too round or too flvt, 175. 
what defects of are remedied by the 

use of spectacles, 179. 
why affected by sudden changes in 
the degree of light. 176. 
Ejres, difference produced by using both, 
179. 
** distinct images fbnned on each, 
and why, 179. 

Facts explained by galvanism, 330. 
Fahrenheit's scale for the thermometer, 

103. 
Falling bodies, law of, S7. 

•• of bodies, by what caused, 35. 
Falls of Niagara, 189. 
Faraday's apparatus to illustrate electro- 
magnetic rotation, 345. 
** discovery of the electrical 

powers of a magnet, 34a - 
** nomenclature of electricity, 
195. 
Figure, 19. 31. 
Fir, specific gravity of, tT* 
Fire, one of the four elements of the 

ancient philosophy, 18. 
Fire box of a Locomotive Steam-engine, 
14& 

Fire-engines, on what principle eon- 

structed, 107. 
Firing at- a bird on the wing, 80. 

•• at a vessel ia mottoli, 00. 
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Fishes, electrical, SIS. 
** liow enabled to rise and to sink in 

water, 36. 
** liow they swim, 36. 
• the, 263. 
Fixeu Ftars, 258. 

Flap of an electrical machine, 203. 
Flavio de Melfi, S3T. 
Flavio Gioia. See Flavio de Melji, 937. 
Florence, experiment at, to illustrate the 

impenetrability of water, SO. 
Fluid, a, 73. 
** an aeriform, 97. 

aeriform explained, 19. 
form of bodies, cause of. 74. 
** pressure of a, m proportion to its 
height, 82. 
Fluidity of Air, experiments showing 
the, 119. 

of air shown by means of the 
Air>pump, 112. 

the consequence of independent 
gravitation, JOG. 
Fluids communicate pressure, 63. 
as conductors of sound, 127. 
discharged more rapidly by means 

of pipes, 91. 
discharged with greater rapidity 

when warm, 91. 
downward, upward, and lateral 

pressure of, how shown, 78. 
elastic, 98. 

floating on other fluids, 85. 
gravitation of the particles of, 74. 
immense pressure they are capa- 
ble of exerting, 63. 
lateral pressure of, to what pro- 
portioned, 80. 
level or equilibrium of, 76. 
particles of, how arranged, 77. 
particles of, their peculiar gravita- 
tion, 77. 
particles of, when at rest.^78. 
preserve their own equilibrium, 76. 
pressure of, 77. 

pressure of, dependent solely on 
depth, or the height of the 
column above, 80. 
pressure of, in what direction ex- 
erted, 78. 
pressure of, to what proportioned, 

7a 

prone to expansion. 74. 

subject to the same laws as liquids, 
08. 

subjected to a peculiar kind of at- 
traction, 74. 
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C( 



CI 



CI 



II 



CI 

II 
II 



11 
II 



transfer of, from one 
another, ISl. 
upward, downward, and lateral 
pressure oU by what caused, 8L 
when dischaiged with greatesl ve- 
locity, 9QL 
why they cannot be fbnned into 
figures, 74. 
Flying, effected by aetioQ and reactioo, 

36. 
Fly-wheels, 60. 
Focal distance of a lens, 171. 
Focus, imaginary, 16S. 

of a concave mirror, 16S. 
of rajrs of light, 1A3. 
of sound, ISW. 
Fog and dew, difference between, 104. 
how produced, 104. 
why it gives a red appearance to 
the Sun, 187. 
FJW», 30. 

** centrifugal, 41. 
centripetal, 41. 
of projection, 40. 
Forces, central, 41. 

operation of equal and unequal, 

at different angles, 40. 
which impede a moving body, 
SS. 
Forcing Pump, 92. 107. 

** *' attached to the diving* 

bell, 105. 
Fountain, Artificial, simple mode of 
roakinj;, 94. 
Hero's, 118. 
Glaiss and Jet, 114. 
Fountains, S2. 

*• how formed, 94. 
Fracture of glass chimneys of lamps, 

how prevented, 139. 
Franklin, (Dr.,) inventor of Lightning- 
rods, 216. 
Franklin, (Sir John,) 237. 
Free beat, 134. ' 

Friction, 69. 
II 
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allowance made for, in calcu- 
lating the power of a n»a« 
chine, 69. 

by what caused, 69. 

kinds of, 69. 

how diminished, 69. 

how it increases, 69. 

the rolling, 69. 

the sliding, 69. 

wheels and rollers, 60> 
Frietional Electrieity, 106. 
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GraTity, specific, 29. 

•' where most powerful, 26. 
Greal Bear. 299. 
Grouse, guns suitable for, 46. 
Grove's Battery, 227. 
Guinea and Feather Drop, 119. 
Gun, (the Air,) force of the, 118. 

*• " principle of the, 118. 

" where it produces little noise, 124. 
Gunnery, science of, 45. 
Gunpowder, force of, 45. 
Guns, long and short, comparative ad- 
vantage of, 46. 

•* for sporting, length of, 46. 
Gymnotus £lcctiicu8, 216. 



Hail, 22. 

**■ and snow, how they differ from 
rain, 86. 

'* how formed, 86. 104. 
Hair-spring of a watch, 53. 
Halley's (Dr.) prediction of the return of 

a cumet, 2S5. 
Hand-glass, 113. 
Handles of tea and cofiee pots, why 

made of wood, 137. 
Harding, Mr., his discovery of the planet 

Juno, 279. 
Hare, (Dr.) inventor of the Calorimo- 

lor, 231. 
Harmattan, 109. 
Harmony, science of, on what founded, 

126. 
Harvest Moon, 292. 
Hatchets, 67. 
Hearing-trumpets, 129. 
Heat absorbed by dark bodies, 137. 

** at the focus of a convex lens, 173. 

*' best conductors of, 136. 

** and cold, their effect on density, 
140. 

" and cold, as relative terms, 134. 

" cause of the fluid form of bodies, 
74. 

** conducted with greater facility by 
some substances than by others, 
135. 

" conducting power of, in different 
substances, 136. 

" conduction of, 136. 

" effect of on air, 133. 

" effects of on the particles of fluids. 
91. 

** effect of on the particles of some 
kinds of substances, 133. 

'* effect of on water, 133. 



Heat, electricity developed by, 8SS. 
** exception to expansive force o^ 

135. 
'* free and latent, 134. 
** high degrees of, how measareda 

138. 
** how propagated, 136. 
" how reflected from bright or pol* 

ished surfaces, 141. 
** imponderable, 132. 
" its effect on metals, 86. 
** its nature unknown, 133. 
" its tendency to equal dlffVufavn, 

135. 
•* laws of, 132. 
" measure of, 101. 103. 
" most obvious effect of, 138. 
** of summer, cause of, 269. 
" of the sun, effect of the, on tlM 

earth's surface, 103. 
** operates in opposition to gnritf 

and cohesion, 99. 
" or caloric, 134. 
• < passage of, irresistible, 133. 
" principal effects of, 134. 
" produced by compression, 137. 
** radiation of, 136. 
*• reflected, 137. 

** retained longest by those bodies 
which take the longest time to 
acquire it, 141. 
" sources of, 135. 
** when the greatest on the earth's 

surface, 270. 
'* why apparently unequal in bodies 
of the same temperature, 135. 
Heated room. Sir Joseph Banks' experi- 
ments in, 136. 
Heavenly bodies attract the earth, 259. 
** •* diameter of, how ex- 

pressed, 161. 
" *• motion of the, 266. 

" •* motion of, why invisi- 

ble, 161. 
" " never seen in their true 

position, 109. 287. 
" " obedient to the laws of 

motion, 259. 
" " situation of, calculated 

from the centre of the 
earth. 288. 
" " when unaffected by re- 

fraction, 169. 
Heavens, appearance of the, how to be- 
come acquainted with, 300. 
" why they appear blight in tb« 
daytime, 170. 
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* OBaacaad.9r:.94d. 
ni—Vfcini» the Macdetergfa, III 

** (Ooo CocndLe's,] kept to- 

gether by the preaaore 
of the msr, agamat the 
force of thirty bonear 
IIX 
Henry. (Trof} ha int appficatioii of 
JQcctroHDagsetism as a moriog pow- 
er. SS3L 
Henry, (Pirot] powerfixl electro-magnet 

fsraed by, S4ti. 
Bero^ Foontam, 118. 

^ Ball, lia. 
Hcraehei, (or Uranos.) »1, 2SS. 
** diameter of. SSI. 
" dtitance from the son. 360. 
** length of day ankoown, SCO. 
** length of the year oC, 260. 
** perihelion of, 26ft. 
** (Dr.) nox&ber of stars seen by 
in a quarter of an boar, 
886, 
•• Sir J^ his illustration of the 
comparatire size and dis- 
tance of the bearenly bo- 
dies, 261. 

" Sir J., his calculation of the 

distance of the stars, 3S6. 
" Sir John's opinion of the 
height of the atmosphere, 
28. 
" Sir J. W. F.*s treatise on as- 
tronomy, 262. 
Hesperus, 277. 
Heterogeneoas, 19. 
Hiero. King of Syracuse, 70. 
High-pressare Steam-engine, 145. 
iligh tones of musical instruments, how 

caused, 125. 
Homogeneous, 19. 

Hoops, how secured on casks, &c., 138. 
" Hone Power," meaning of the term as 
a|>pli«i »o the steam-engine, 14ft. 



to drawmnipiilpor 

taooBof akMvt.S& 

Magnet, 235. 

kowtobekeiitm 

Magnets, how made,fS. 

Toice, Dr. Rash's work od the 

Philosophy of the. I3L 

** " imitacxre power of the, 

131. 
" ** aonnd of the. bow pro- 

daccd,13e. 

Honor, the aqaeons azBd the Titreoa% 

lT5u 

Homofsof tbe eye, 175. 

•« ^ ah^ieoftbe.177. 

Hmiter*s moon, 292. 

HarricaBea. bow prodneed, 106L 

Hydranlics, 17, I8L73. 90. 

Hydro-eieeSric carrem, 255. 

Hydrogen, a constiment part of water, 

19L 

** Gas,eooTeiiiesitraodeofpiO' 

coring, 209L 

•* •* speciAe grarity c4^ 87. 

•* FSstol,200L 

« * bow used with tbo 

tbonder-boase, Sll* 

Hydio owtcf, 89L 

Hydrostatic Bellows, 82. 

** paradox, 81. 

" press. 84. 

Hydrostatics, 17. 1& 73. 

** principal truths of, by what 

experiment illustra t ed, 

JI7. 

Hygrometer, 101. 103. 



Ice, 74. 
*' consequence oi the qiecifie gratity 

of, 140. 
** specif graTity oC 87. 
** why it floats in water, 140L 
** why wrapped in woollen doths in 

summer, 136. 
** and snow more easfly mdted under 

a dark corering, 137. 
Ichthyology, 13, 14. 
Identity of common, roltaie, magnetic, 

thenno and animal electricity, 240. 
Image inverted, how produced, 150. 

of objects reflected from conrez 
mirrors smaller than the ob- 
ject, 163. 
seen through teletcopet of diibr- 

ent kinds, 183. 
when inrerted, lOt. 
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Imagef inverted on the retina of the 

eye, why feen erect, 179. 
Imaginary focus, 163. 
linpenetrabiiiiy, 1<). 

of the air, 104. 
of air and of water, exper- 
inienta illustrating, SO. 
** possessed by fluids, 09. 

Imperfect conductors of electricity, 819. 
Incidence and reflection, angles of, 157. 

** angle of, 37. I2& 
Incident and reflected, 30. 

** motion. 30. 
Inclination of the earth's axis, important 

consequences of. 271. 
Inclined Plane, 54. 66. 

♦♦ ** application of the, 07. 

** ** advantage gained by the 

use of the. GO, 07. 
Incombustible substances, 138. 
Indeslructibility, 19. 21. 
India rubber, 24. 

" ♦• Glass. 113. 115. 

Inertia. 19. 22. 30. 

Inertia of Air, experiments sbowmg. 119. 
** *< shown by means of the 
Air-pump, 113. 
Inferior Conjunction, 205. 

" Planets, 260. 
Instruments for raising water, 92. 

** on what principle construct- 

ed, 54. 
" wind and stringed, soond of^ 

how aflfected, 120. 
Insulated, (in electricity,) 197. 205. 
Intellectual Philosophy, 13. 
Intensity of electricity from a galranic 
batteiTT, 228. 
** of chemical agency in galvan- 
ism, how increased, 230. 
introduction, 13. 

Invisible, when an object becomes, 100. 
Ins, 175, 170. 
Iron, 70. 
** how made magnetic, 338. 
*• specific gravity of, 87. 
** tenacity of, 25. 
Ivory, elasticity of, 34. 



Jacket, in the Steam-engine, 140. 
Jeffrey, .Mr., 145. 

Jet, the straight and revolving, 118. 
Joint, the toggle, or knee, 73. 
Jointed Discharger. 300. 
iuj«u, 357. 279. 
** diameter of; SOL 



Jano, diftanoe finom the fon, iOOi 
** length of day. too. 
** length of the year of, SOOL 
** perihelion of, 260. 
Japiter, 357. 

** andSatom.disturiwiieefofthdr 

motions, 383. 
** diameurof.t6L 
** distance and wtM» oi Us moooea 

380. 
** distance from tlie iob, MOl 
** eclipses of the satelhtm oi; and 

their use, 380. 
** heat and light oC 380. 
** length of day. 300. 
** length of the year of; 9001 
« moons of. 358, 380. 
** perihelion of, 300. 
*« sateUitesoL Sm TsUt Id, peg* 

303. 
** the. largest of the planets, 380i 
** why no cliange ot the 
in, 380. 
Jupiter's belts, 38L 



Kaleidoscope, 101. 

Keeper of a magnet, 335. 

Kepler's law, 307. 

King's (Dr.) Lightning-rods, 314. 

Knee-joint, (in mechaaJcs.) 73. 

Knives, 07. 

Knob of an Electrical battery, 900. 



Ladder, 58. 

Lamps, glass chinmeys of, how pre- 
served from fracture, 139. 
wicks of should be often re- 
newed, and why. 75. 
why they sometimes fail to give 
light, 75. 
Lantern, the magic, 182. 
La Perouse, 237. 
Latent heat. 134. 
Lateral pressure of fluids, to what prc^- 

portioned, 60. 
Lathes, 63. 

Law of failing bodies, 33. 
Laws of Natural Science, general and 

particular, foundation of, 15. 
Lead, specific gravity of, 87. hascre 

Leaden hemispheres to show con 

attraction. 23. 
Leap-year, 299. 
Leaves of an axle* Wk 
Length, 3L 
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Locomotive Steam-engine, internal seo- 
tion of Hlnkley and Dru- 
ry's, 149. 
** Steam engine, operation of 
the described, 148. 
Logy^ its meaning as an affix. 13. 
Longitude determined by eclipses of the 

saieliites of Jupiter, 280. 
Loss of weight in bodies inunetsed in 

watei, 88. 
Low-pressure Steam-engine, 145. 
Low tones of musical instruments, from 

what they proceed, 125. 
Lucifer, 277. 
Luminous bodies, 152. 

" »' how seen, 157. 

Lunar eclipses. 294-297. 
Lungs, state of the, how ascertained by 
physicians, 127. 

Machine, force of a, communicated to 

another at a distance, 84. 
Maclunes, power of, how limited, 70. 
" on what principles construct- 
ed, 54. 
Magazine, magnetic, 239. 
Magdeburgh cups, or hemispheres, 113. 
Magic Lantern, 182. 
Magnet, attraction of the, 234. 

•* attractive power of the, where 

strongest, 233. 
** being broken, each part be- 
coines a perfect magnet, 335. 
communication of the proper- 
ties of a, 234. 
* different poles of attract, and 
similar repel each other, 234. 
dipping of a, 236. 
electrical properties of the, 233. 
electricity induced by a. 241. 
experiments with the, 239. 
how supported, 233. 
permanent, 232. 

powerful one formed by Prof. 
Henry and Dr. Ten Eyck, 249. 
polarity of the, 233. 
polarity of the, analogous to 
the forms of electricity, 234. 
poles of a, and where situated, 
233. 
" position of a, in reference to 

the el2ctric current, 242. 
" power of destroyed or weaken- 
ed by heat, 236. 
*• power of, increased by action, 
and impaired or lost by dis- 
lue, 234. 
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Magntt, propertJm of the, S3S. 

** properties of, how aoqairad bf 

toft iron, S3S. 
** the CJ, or llorse-shoe. SS5. 
** variation of the. 334. 
Magnetic attraction of iron, ftc, horn 
prodigiously increased, S4L 
** magazine, 339. 
*' needle, variation of the. does 

not impair iu utility, 338. 
** needle, variation of the, lonx 

misunderstood. 3M. 
** neeiUes, how made, 339. 
" north pole of, roost powerM 
in north, and south pole la 
south latitude, 338. 
** pole, revolution of a, 344. 
** poles, 233. 

'* ** the earth has foar, 3S7. 

** ** where strongest, 337. 

** power of the Magneto-£lee> 
the machine^ when fbm 
greatest, 355. 
*' power resides on the surface, 
and independent of the 
mass, 335. 
** power readily acquired by 
soft iron, and with difficulty 
by hard iron or steel, 335. 
*' substances, 334. 
*« Telegraph. Ste Electro-Mag' 
netie Tthp-aph^ 251. 
Telegraph, Alphabet of the, 

352. 
Telegraph, Battery used for 
the, 227. 
Magnetism, 17, 18. 232. 

** and Electricity, combined 

action of. 241. 
** and Electricity, resem- 

blance between, 235. 
" by iiidiiction, 253. 

•* communicated by the elec- 

trical machine, or by a 
voltaic battery, 243. 
•* communicated by the Elec- 

tro-Magnet, 250. 
** developed in steel. 240. 

" how induced by the voltaio 

battery. 244. 
" how removed, 250. 

" induced by electricity. 241. 

" its importance o commerce 

and navigation. 237. 
produced by concentratea 
electricity, 243. 
Magnetizing power of the oondttctxw 
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Northern Lights, 212. 
Nucleus. 283. 
Nuiof ascrew, 68. 



Oar, why it appears bent when partly in 

the water, 169. 
Oars, 58. 
Objects, how seen, 158. 

further from a concave mirror 

than its focus, inverted, 163. 
how seen by the eye, 178. 
reflected from a concave mirror, 

164. 
seen only in the direction of re- 
flected rays, 162. 
when invisible, 160. 
Obtuse angles, 38. 

Occultation, perpetual circle of, 288. 
Octave, chord of an, bow obtained, 126. 
(Ersted, Professor, his discovery of 

electro-magnetic power, 240, 241. 
Oil, specific gravity of, 87. 
*' used for smoothing the surface of 

water, 92. 
•• used for smoothing waves, 92. 
*< why it ascends in the wick of a 

lamp, 75. 
" why it cools more speedily than 

water, 141. 
" why used in machinery, 69. 
Olbers, Dr., his discovery of the planets 

Vesta and Pallas, 279. 
Opaque bodies absorb part of the rays 
of light thrown upon them, 
156. 
bodies, how seen, 157. 
substances, 153. 
Opposition. 265. 
Optic Nerve. 175.178. 
Opticians, their mode of fitting glasses 

to the eye, 175. 
Optics, 17. 18. 152. 

Oracle of Delphi and at Ephesus, 132. 
Orhits, 259. 

of the planets elliptical, 260. 
of the planets, inclination of, 
sho^n by a section of the 
plane of the ecliptic, 265. 
** of the planets inclined to that of 

the earth, 263. 
" of the planets, oblique view of 
the inclination of the, 263. 
Organized matter, 14. 
Otto Guericke, the inventor of the air- 
pump, 113. 
Orerthot wyter-wlieel, 06 
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Oxygen, ilSL 

** a conitltnent p«t of 



Pails of water, why two eanbeeurtod 

more easily than one, 49. 
Pallas, 957. 279. 
*' diameter oC SSL 
** distance froim the mm, MO. 
** length of the year o(, 100 
" length of day in, MO. 
** perihelion of, M6. 
Parabola, 45. 
Paradox, Mechanical, 48. 
« the Hydrostatic, 81. 
** the Pneumatic, 1S3L 
Parallax. 288. 
Parallelogram. 38L 

Parallel motion, appendages finr. m tte 
steam-engine, by whom ap> 
plied, 145. 
** rays, effect of concave wulae e i 

on, 174. 
** rays reflected from a ooncaT* 

surfiace, IM. 
** . rays reflected by convex mir- 
rors, 105u 
" rays, when made to diverge, 173. 
Parallels of latitude, 273. 
Parker*s Exercises in Rhetorical Bead 

ing, 131. 
Parry, 237. 

Particles, all matter composed of, S3. 
** of matter, 19. 
** of a fluid, small, smooth, and 
globular, 74. 
Partridges, guns suitable for, 46. 
Parts of a body which move with the 

greatest velocity. 42. 
Paxton*s Introduction to the Study of 

Anatomy, 178. 
Peculiarities of this volume described, 5. 
Pencil of rays, 154. 
Pendulum, 51. 

« Ballistic, 45. 

" how and by whom invented^ 

51. 
«* length of, to vibrate seconds 

in different latitudes, 52. 
" vibrations of, on what de- 

pendent, 59. 
vibraUons of, how caused, 51. 

Penumbra, 296. 

Perfect conductors of electricliy, av§* 

Perigee, 266. 

Perihelia of the planets, 960» 

Perihelion, 865. 
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Frf>8ses, bookbraders*, 68. 

" cider and wine, 68. 
Pressure of fluids, proceeds solely from 
the height of the column 
above, 80. 
** lateral of fluids, from what it 

proceeds, 80. 
** of a liquid exerted in all di- 
rections, experiment illus> 
trating, 117. 
of a fluid in proportion to the 

height, 82. 
of fluids dependent on the 
height of the column above, 
and independentof the length 
or breadth of the column, 81. 
** of the air on the surface of 
liquids, instruments to show, 
114. 
Primary Planets, 257. 

** Planets, table of the distance, 
bulk, density, &c, of the, 301. 
Prime conductor, 203. 
Printing-presses, 73. 
Prism, 186. 
Properties, essential of all matter, 19. 

" ** and accidental, 19. 

Projectile, 44. 

" random of a, 46. 
Projectiles, descent of, 43, 44. 
Projection, force of, 40. 
Protected sulphate of copper battery, 

227. 
Pulleys, power gained by use of, 60. 

** practical use of, 61. 
Pulley, 34. 59. 

" the fixed, 59. 

" the fixed, on what principle it 

operates, 59. 
** the moveable, 59. 
" the principle of the, 61. 
Pump, the air, 109. 

height to which water can be 

raised by the, 106. 
the chain, 92. 
** the common, 92. 106. 
" the forcing, 92. 
the lifting, 107. 
the sucking, 106. 
boxes, 106. 
Piimps, how water is raised to the boxes 

of, 114. 
Pupil, 176. 

•' of the eye, 175. 

of the eye, dilatation and contrac- 
tion of the, in some animals, 
»» 176. 
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Pyramid, why a Arm stnietare, 40. 
Pyrometer, 138. 
Pyronomics, 17, 18. 13S. 



Quality of sound, of all mudeal initni- 

ments, by what affected, ISO. 
Questions to this volume, 6. 
Quimby*8 Electrical Sawmill, SIS. 



Radii of a circle, 37. 
Radius, 37. 

" vector, S67. 
Railroads, Steam-engine used on, 149. 
Rain, 22. 
** how produced, 86. 104. 183. 
** how it differs from snow and btfl* 

86. 
'* water, a standard for computiai 

specific gravity, 86. 
" water, spedfie gravity of, 87. 
Rainbow, 189. 
Ram, the. 863. 
Random of a projectile, 46. 
Rare bodies, S3. 
Rare£Eu:tion, 97. 

** efflect of, on the air, 108 
Rarefied, meaning of the term, 97. 
Rarity, 19. 23, 24. 
Ray of light, 153. 
Rays, incident and reflected, 157. 
** of light entering a small apei^ure, 

158. 
«« " «• from different bodies, 154. 
ti li If ffQna terrestrial bodies, dl 

verging of, 154. 
i« «« «« passing obliquely from one 
medium to another, 167. 
ft ft fi when perpendicular to 
convex or concave mir- 
rors, 162. 
ft tf «« when said to diverge, or 

to converge, 153. 
" of the sun parallel at the earth, 

" parallel, converging and diverging, 
reflected from concave or con- 
vex surfaces, 165, 106. 
«« proceeding from one medium to 
another, 168. 
Reaction, 35. .. 

" caused by elasticity^'- ^^ 
Reaumur's scale for the tbermomt^f 

103. 
Receiver, 109. 
Rectangle, 38. 
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tooad of wind and stringed instra- 
meots. bow respectirely pro- 
duced, 1*26. 
•• produced by strings, quality of, 

bow aflecied, Itb. 
" qoAlity of. Alfected by the furni- 
ture m a room, 130. 
•• science of, the nature and laws 

of, 194. 
** uniform velocity of, arailaMe in 

measunng distances, 128. 
" velocity of, 117. 
Soqiidi, how conveyed to great distan- 
ces, 130. 
« when loudest, 1S4. 
South Pole, n. 
** ** of a magnet most powerful 

in soutb latitude, S38. 
•* wind, how produced, 108. 
Southern Cro»s. 288. 
Souihwark bridge, arches of, raised by 

temperature of the nir, 139. 
Space passed over by a moving body, 

how estimated, 38. 
Spaces through which falling bodies 

move, how they increase, 34. 
Spark from a gal%-anic battery, action of 

a, 229. 
Speaking, why difficult in a crowded 

house, 130. 
Speaking-trumpets, 128. 
Specific gravity, 29. 

•• " of bodies heavier than 

water, how ascertain- 
ed. 87. 
** *• of bodies, instrument for 

ascerlaining, 89. 
M «« of bodies lighter than 

water, mode of com- 
puting, 88. 
•• " of bodies, mode of com- 

puting, by whom dis- 
covered, 88. 
of the atmosphere, by 

what affected, 101. 
scales for ascertaining, 
87. 
*< *< standard for estimating, 

86. 
«* " table of, 87. 

Spectacles, the principles of, explained, 

174. 
Spectrum formed by a prism, how di- 
vided, 188. 
Speed, in machinery, how increased or 

diminished, 64. 
Sf^Mrea, proportion of to each other, 275. 
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Spherical bodies, why they roll £own a 

slope. 48. 
Spiral Tube, 208. 

•• (electrical) tube, 215. 
Spirit-level, or water-level, 76. 
Sponge, 75. 
Spou on the Sun, Dr. Herschel's opinion 

of the, 276. 
Spring, hair and main of a watch, 51 
•* height of its rise, 94. 
" Tides, 293. 
Springs, 22. 

** (natural) how formed. 94. 
" and rivulets, how formed, 93. 
Square. 38. 
Standard for computing the specific 

gravity of bodies, 86. 
SUrs, 257. 

apparent motion of around the 

earth. 287. 
disUnce of the, 286 
double, treble, and quadruple. 286. 
formed into clusters or constella- 
tions. 287. 
** how classed. 286. 
*< how designated on a globe, 287. 
« how distinguished firom planets, 
258. 
motion of the, 286. 
never seen in their true position, 

287. 
number of, seen by Dr. Herschel 
in a quarter of an hour, 266. 
•« Sir J. HerschcPs calculation of 
the distance of, 286. 
Telescopic, 286. 
variation of their apparent mag 

nitude, 286. 
what suppo.«»ed to be, 258. 
" why not seen in the daytime, 278. 
Stationary Steam-engine, 150. 
Steam, 74. 98. 133. 

and vapor form clouds, 22. 
condensation of, 133. 
effect of, when confined, 141. 
elastic force of, how increased or 

diminished, 141. 
expansive power of, substitutea 
for atmospheric pressure in 
the steam-engine, 143. 
*< how made to act, 142. 

or vapor, how produced, 141. 
peculiar property of, 141. 
pressure of, on what it depends, 

141. 
space occupied by befbre and af- 
ter iu conversian to water, 141. 
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Stemm, supply of to machines, how reg- 
ulHted, 72. 
** temperature of, 141. 
" when visible, and when inrisible, 

142. 
*' withdrawn from the principal cy- 
linder of the steam-engine, 143. 
Steam-engine, 142. 

** acting parts of described, 

143. 
" double action of the, 143. 

»* how constructed, 145. 

" inventors of the, 145. 

** locomotive, Hinkley and 

Drury's, 149. 
** Newcomen and Savery's, 

142. 
** power of, how expressed, 

145. 
** power of the, as described 

by Mr. Jeffrey, 145. 
" the atmospheric, 142. 

" the condensing and non- 

condensing, or the high 
and the low pressure 
145. 
" Watts' double-acting, con- 

densing, 143. 
*» Watts' improvements m 

the, 142. 
Steam-engines, how regulated in the 

supply of steam, 72. 
Steam-pipe, 143. 
Steel, rendered magnetic, 240. 
Steelyard, 55. 

** how managed, 56. 
Stereo-electric current, 255. 
Slcthescope, 127. 
Stilts, how used by shepherds in France, 

48. 
straight Jet, U8. 
Streams, velocity of, how ascertained, 

01. 
Strings of musical instruments, height 
and depth of tone of, on what depen- 
dent, 125. 
Strings of musical instruments, to what 
they owe their sonorous properties, 
125. 
Sucker, 114. 
Sucking-pump, 106. 

Sugar and salt, particles of, smaller than 
those of water, 20. 
" why it readily absorbs moisture, 
75. 
Sulphate of Copper Battery, 226. 
Summer rays, 370. 
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Summer solstice, 375. 
Sun, 257. 275. 

an entire image of, reflected from 
every portion of the surface of a 
sheet of water on which it shmes, 
I5a 
cause of the red appearance of, 187 
cubic magnitude of the, 375. 
diameter of the, 861. 375. 
light of the, time employed in com- 
ing to the earth, 169. 
heat of the, 276. 
its effect on the tides. 303. 
length of day in tlie, 860i 
probably inhabited. 376. 
rays of the, parallel at the earth 

173. 
revolution of around its axis, 276. 
spots on the, 276. 
table of the bulk, density, diameter, 

fcc, of the, 301. 
the centre of the solar system, 259. 
time occupied by his light in reach 

ing the earth. 280. 
total eclipse of in 1806, 298. 
what supposed to be, 258. 
when nearest to the earth. 265. 
Sun's heat on the surface of the earth, 
effect of the, 103. 
" light, why white, 188. 
" rays, how we are shielded from 
the intensity of the, 102. 
Superior conjunction, 265. 

" planets, 260. 
Surinam Eel, 216. 

Swimming, the effect of action and re- 
action, 36. 
how a person ignorant of 

may float, 87. 
why more difficult in fresh 
than in salt water, 87. 
Synthesis, or combination, 15. 
Syringe, the condensing and exhausting, 

117. 
Syringes, for procuring fire, 138. 
System, the Solar, 257. 

Table of Diameters, Distances, daily 
and annual revolutions, bulk, density. 
&c..of the Sun and Primary planets, 

31)1. 
Tables of equation of time, 300. 
Tackle and Fall, 61. 
Tail of a comet, 283. 
Tangent, 42. 

*( of a circle, S8 



II 



II 



no 



IHDEX. 



t* 



TanUlW Cq», tS. 

Taurus, tfX 

Telef^^lk, Electro-Magnetic, 251. 

Tcleaoopty 183. 

•• AstronomicaU ISL 
•* Terrestnal, 184. 
kuMls of, ItO. 

refracting, two kinds oC 1^ 
Telescopic stars, 2^ 
TeUuhum, Electrical, S06w 
Temperature of steam, 141. 
Tenacitr, 19. S5. 
Tender o^ a LocomotiTo Steam-engine, 

148. 
Ten Eyckandnenry, powerful electro 

magnet formed bf , 149. 
Tension of a musical string, how it af 

fscu iu tone. IM. 
Terrestrial Telescope. 184. 
Ttaalee, of Miletus, his discorery in elec 

incujr. 194. 
Theolngj. meaning of, 13. 
Theory of Music, 10. 
Therma] effects of light, 191. 
Tbermo^Iectric batteries, 856. 
Thermo-electncitjr, 196. S55, S56. 

•» •» ProL Seebeck*s dis 

CO very in, S55. 
Thermometer, 101. 103. 

** how it differs from a ba- 

rometer, 103. 
" scales of the, 103. 

Thickness, SI. 
Threads of a screw. 68. 
Thunder-ctumi, distance of a, how as 

certained, 1*28. 
Thunder-hou5o, 911. 
Thunder-storms, 815. 

•• •* dangers in, 216. 

•* " safest posilion in, 21fi. 

Tides, how caused, 298. 
" irregulantics of the, 294. 
Neap, 394. 
Spring, 893. 

theory of the. the most imperfect 
of astronomical hypotheses, 
291. 
Time. 298. 
** difference between true and ap- 
parent, 300. 
** eniployetl in U»e use of machine- 
ry, 170. 
" kept by clocks, when same as that 

of the sun. 300. 
** of moving body, how estimated,32. 
solar and sidereal, difference be- 
tween,S98i 
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Time, ftme) eumot be measnrad by the 

sun, 300. 
Tm-foil, use of in the Leyden Jar, 

199. 
Tissue figure, 205. 
Toggle-joint, 73. 

Tone, height and depth of; on what de- 
pendent, 135. 
** of a musical string, how affected 
by tension, 126. 
Tones of the human roice, how varied, 

131. 
Tonnage of a vessel, mode of compu* 

ting. 85. 
Torpedo. 216. 
TorriceUi, 110. 

Tomceliian Vacuum, 100. 110. 
Torrid tone, weather prevalent in the, 

108. 
Total eclipse of the sun, darkness pro- 
duced by, 155. 
** eclipse of the sun, duration of a, 

298. 
" eclipse of the sun in 1806, 29& 
Towel, the end of a, left in a vessel of 

water, will empty it, and why, 75. 
Trade-winds, 108. 
Transfer of fluids from one vessel to an* 

other, 131. 
Transit of a planet, 377. 

" of Venus and of Mercury, S78 
Translucent substances, 153. 
Transparent bodies, 153. 
Trees uprooted by means of the hydro- 
static press, 85. 
' Tropic, meaning of the term, 272. 
" of Cancer, 272. 
" of Capricorn, 372. 
True focus of a concave mirror, 163. 
Tnunpcts, (hearing,) used by the deaf, 
129. 
** principle on which they are 

constructed, 129. 
Tube, the mercurial or water, 114. 
Tubes, Acoustic, 130. 
Tufts', Otis, stationary steam-engme 

150. 
Tumbler of water, cause of moi^ure 

on, in warm weather, 133. 
Twins, The, 263. 



Undershot water-wheel, 96. 
Undulations of an elastic mediiihi, the 

supposed cause of light, 153 
Undulatory Theory, 153. 
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OniTersal Discharver, 
Uninagnetncd steeL bow 

poUntjr, t4X 
Cnorgnnized matto', 14. 
llpwanl pressure of inds, hf 

caused, 81. 
Cranus. Set '* BencUr- •r At ** 
giumSidms,' 
** li^tao«lbeato(,t&S. 
** moons or niHIitrt fd^ 

ses.302. 

Ursa Migor, 299. 




Focvo, in, 71. 
Vacuum, 100. 

♦• a perfect, nerer prodiioed by 

the air-purop. 109. 
** a perfect, pressure of the air 

against, 112. 
** bow produced in the mmmnw 

pump. 105. 
" in the cylinder of a iSeam- 

engine, 42. 
** the Torrlceiiian, 100. 110. 
Valve, 106. 
** the slidmg, of a steam-engine, 

148. 
*• the condensing, of an air-pump, 

no. 

<* the exhausting, of an air-pump, 
110. 
Valves in air pumps, how they open. 111. 
** how made, 106. 
*' of a common pump. 106. 
' *' of the air-pump, 106. 
Vancouver, 237. 
Vapor, 98. 
Variation of the magnet, 236. 

" of the magnetic needle, by 

what caused, 241. 
*' of the magnetic needle subject 
to changes, 237. 
Velocity, 30. 

*' absolute and relative, 31. 
" how measured. 31. 
" of a body in motion around a 
point, on what dependent, 
161. 
•* of a heavenly body, increase of 

explained, 267. 
• of falling bodies, 27. 
** of machinery in manufactures, 

how regulated, 72. 
** of rivers, wind, &c., dec, dec, 
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like aanneiw 13£. 
TeBlnk»Q«nsS.pec3i:iar power of ike, I3L 
Tesus, Su . XTT. 

eCSFL 

froen :^ sea. SaOL 
bea2 xi»i :;gt: on. 277. 
lcMlhofdayia.ffilL 
lengtii of tlie rearoC^BOL 
per^laeboo o£. 966. 
I^Mses oC S7S. 
revolotMo of, 259. 
sonetuMS seen in the daytiaae, 

278u 
when called momii^ and wbeft 
ev«img star, 277. 
Vernal equmoz, 275. 
Vemer, 283. 
Vemer*s discovery of the planet Nep. 

tune, 257. 
Vertical hne, 27. 

" hnes always perpendicular to 
the surface of the earth, 27. 
Vesper, 277. 
Vessels, tonnage of, method of compu* 

img, 85. 
Vesta, 257. «:9. 
*• diameter of. 261, 

distance from the sun. 260. 
length of day unknown 260. 
length of the year of, 20t>. 
perihelion of, 266. 
Vibrations of a pendulum, how cautea, 
51. , , 

of a sonorous body, lbo»r ef- 
fect on the i»lr. I a*, 
of sonorous bodlfl.«.ll»«''k»»'"; 
datiou of th« ««"«»'»■•« "f 
Ilarnumy. !««• 
of •lrinK« "f '""-'•^•** '"■^"*" 
mvnis, 185> 
Virgin, 263. 
Virgo, 263. 



M 



t| 



<l 



l( 



II 



II 



r 



346 QUESTIONS FOR EXAMINATION. 

Fig. 41. ^Vhat does Fig. 41 represent? Explain it. 
Fig. 43. What does Fig. 42 represent? Explain it 

A&T. OO*— 'What is an inclined plane 7 What figure represents aa in- 
clined plane ? 

Fig. 43. Explain Fig. 43. To what is the adirantage gained by the use 
of the inclined plane in proportion ? What follows from the 
greater or less inclination of the piano 7 Give some instances 
of' the application of the inclined plane. Is any time gained by 
the use of the inclined plane 7 Upon what principle are chisels 
and otlier cutting instruments, which are sloped only on one 
side, constructed 7 

Art. 01* — Of what does the wedge consist? 

Fig. 44. What does Fig. 44 represent? Explain it. To what is the ad- 
vantage gained by the wedge in proportion? Of what use is 
the wedge ? Give some examples of the wedge. 

A&T. 02* — Of what does the screw consist? Of how many parts is it 
generally composed ? What are they ? 

Fig. 45. What figure represents the screw and the nut? Explain the 
figure. 

Fig. 46. How does Fig. 45 differ from Fig. 46? Is the screw a simple or 
compound power? How is the power of the screw estimated? 
How does the closeness of tho thread afiect the power? What 
is the use of the screw? How can its power be increased? 
To what is the screw applied? What is meant by friction m 
machinery? How many kinds of friction are there? What 
are they 7 How is the rolling friction produced 7 The sliding? 
Which is overcome with the less difficulty, the rolling or sliding? 
What allowauce must always be made, in calculating the power 
of a machine 7 What proportion of the power is usually com- 
puted to bo destroyed by friction 7 Between which is friction 
the less, rolling bodies or those that slide? What causes fric- 
tion 7 In what proportion is it diminished 7 In what manner 
can it be lessened 7 What is the use of wheels 7 In what pro- 
portion do they overcome the obstacles, such as stones, &c., in 
the road 7 Why, in descending a steep hilJ, are the wheels of a 
carriage often locked 7 How do castors, which are put upon 
furniture, facilitate the moving of it 7 How is the motion of all 
bodies influenced 7 

Art. 93. — ^What is meant by a medium? Give examples. 

Art. 94. — To what is the resistance of a medium in proportion 7 \^liat 
illustration is given 7 When would a machine be perfect? 

Art. 95. — Of what does the main-spring of a watch consist 7 What is 
its use 7 T^ -ring exert a stronger force when closely 
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coSed, or when partij fcwmed ? Waat s 
red this inequality ? 
Fig. 47. What does Fig. 47 icprewnt • KurfaiB iL 

Ajlt. 96. — ^What is a guve i noi? 

Fig. 4a Explain fig. 48. What is said of the iw of tbs 

Art. 9T« — Of what does the knee-joint, or tqggie-jouitt 
what pn^Kvtion does it inczease in power! 
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Fig. 41. 




Fig. 43. 




Fig. 44. 




Fig. 45. 



Fig. 4«. 





Fig. 47. 





848 QUESTIONS FOR EXAMINATION. 

Fig 49 What does Fig. 49 represent 7 Explain the figure. Give an 
instance of the operation of the toggle-joint What is its use 
in printing-presses 7 

HTDR0STATIC8. 

m 

Ajit. 08. — Of what does Hydrostatics treat? 

Ajit. 00« — What is a fluid ? Does the attraction of cohesion have much 
influence on the particles of fluids? What follows from this? 

AsT. lOO* — How do fluids difler from liquids? Can water be com- 
pressed 7 What is supposed to be the primary cause of the fluid 
form of bodies? What eflect has heat upon bodies? What 
illustration is given ? Why do fluids gravitate in a more per- 
fect manner than solids? What is inferred from the slight 
degree of cohesion in the particles of fluids? Why smooth? 
Why globular ? Why cannot fluids be formed into figures, or 
preserved in heaps? What do you understand by capillary 
attraction ? Explain the reason of it Explain why the same 
takes place in all porous substances. Explain all the circum- 
stances attending the burning of a lamp. Explain the experi- 
ment with the glass plates. 

Ajit. 101« — ^What is meant by the level or equilibrium of fluids 7 Have 
all fluids a tendency to preserve this equilibrium? What fol- 
lows from this? Of what is this level or equilibrium of flaidti' 
the natural result? How does the gravitation of solid bodies 
difler from that of fluids 7 

Art. 102« — Do fluids of diflerent densities all preserve their own equi- 
librium ? What illustration is given to prove this 7 

Art. 103« — Upon what principle is a water-level constructed? Of what 

does it couRist ? For what is it used ? 
Fig. 50. What figure represents a water-level ? Explain the figure. 
Art. 104. — In what mauner do solid bodies gravitate? What is the 

centre of gravity 7 What effect has gravity on the particles of 

fluids? 

Art. 105. — How is the pressure of fluids exerted? How long will the 
particles of fluids remain at rest? 

Fig. 51. Explain Fig. 51. 

Fig. 52. What does Fig. 52 represent? Explain it If the equality of 
the pressure be undisturbed, what will follow? If the fluid be 
agitated, when will it again come to a state of rest ? How is 
the downward pressure of fluids shown 7 The lateral pressure ? 
The upward pressure ? 

Art. lOe.— To what is. the pressure of a fluid in proportion? In what 
direction is this pressure exerted ? What illustrations are given 
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toprorethk? WIit caa a bottle., £D«td vidi waler or anr ccker 
liquid, be let 6owm to zjij depth witboxxt injmy « What ex- 
peiimeiil is meaxkaed ia the nole ! What lyinkwi kare aocne 
pluksophaB ezjVBBBed? 

Aur. 10T>— What cangee the lateral jatJMiiw T What foOows from this ? 
Fig 53. Eaqdain F^. 53. 

AiLT. 108. — Does the length or tiie iridlh of the TesBel in which a fluid 
is ccmtained have any e&ct i^oa the ialecal pceflsiijre? By 
what is it afiected? 

AsT. 109« — How does the lateral |Mi.iiimi> on oaie side of a cnbical Tee- 
sel compare with the jmimiuu d uwn w aids ? How would jroa 
ez|Jain this? 

Akt. 1 10« — ^What causes the upward and downward laca s ui e 7 
Fig. 54. 'Dliistrate this by Fig. 54. 

Art. Ill* — ^Upon what does the force cf pieimuie depend? What is 

meant by the hydrostatic paradox? What is the use of the 

hydrostatic beOows? 
fig. 55. What figure reprints the hydrostatie bellows ? Explain the 

figure. What is the fundamental |Minci|de oi Mechanics ? Is 

this the principle of the hydrostatic bdlows ? 





Fig. 51. 




Fig. 49. 
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Fig. M. 



Fig. 54. 
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, Kf. 5&. What dot* Fi^. 56 icpRsent ? T!xpiam why fluidi ptta aC' 
0ociLa^ lo the heighu, and not acconUn^ to the quantity. 

'. Abt. 11%* — ^What fact ■ mentioBed in this number in legazd to the pRS> 
■are c( water ? Upon what principle is Bramah's hydrostatic 

pRSS COtUtTTXted I. 

Fi^. 57. What fi^rxre represents thii? TTTjJam the fignre. To what 
vses m thispcesi applied? 

Asr. 1 13«— When will one flud float upon another T 

Asr. 1 14. — ^Wliat is tfated with regard ts a body spedficaOy lighter 
than a Said T What iIItBtratu>n is gtren of this? How do the 
■peeS: ^rajities of water and cork compare with each other? 
Upcn what pdac^e is it that boatSy ihips, &jc^ are made to 
float upon the water ? What mles hare been fanned from the 
knowledge of the specific grarity of water and the m«teri«b of 
whxh Tesseb are composed ? 

Asr. 1 1 Sm — ^What fCandazd has been adopted to estimata the specific 
graTity of sabstancea in general ? Why could not metals hare 
been adopted? Why is distilled water osed? What bodies will 
■nk when immersed in water? What will float? What is 



the wei^t of a cnbic foot of water? What is the nse of the 
table ? How does the specific grayity of living men oMnpare 
with that of water ? Wliich is the greater, the specific graT- 
ity of sea water, <Mr of lakes and rirers ? Wliy 7 

Akt. 1 16. — How is the specific gnrity of bodies that will sink in water 
ascertained ? What illustration is given? 

Pig. Si Explaia F;g. 55- Why will gold weigh less in the water than 
OQt cf it ! How does tas upward pressure of the particles com- 
pare with the downward pressure of a quantity of :v&tor of the 
same dimensions ? What foCows from this ? What mlo b given 
with re«p&ri to oil bxiies heavier than water that are immersed 
in it ? >\'hat is the specific gravity of a body ? What is the 
reason that a bucket of water, drawn from a well, is heavier 
when it rises above the surface of the water, than while it is 
below it? 

A&T. 1 1 T. — ^How can the specific gravity of a body that will not sink in 
water be ascertained ? What illustration is given ? By whcnn 
was the method of ascertaining the specific gravities of bodies 
discovered ? In what manner did he ascertain it? 

AsT. 118. — What is an hydrometer? Upon what principle is it con- 
structed? Explain its construction. In what proportioii does 
the scale sink? 
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Axt. I III* — ^^^'h(^n a fluid spouta from seyeral orifices in the side of a 
reaiel, from which is it thrown to the greatest distance! 

An^ 1M«— ^liat effect wtU a pipe, fitted to an orifice, have with xegud 
to the quantity discharged 7 What will be the efiect if the pfo 
pit»iect into the Ye«el? How can the quantity diacbaiged 
throaj:h a pipe or orifice, be increased? Why wiU heat ia- 
it7 



Avr. IU« — How can the Telocity of a current of water be ascertained! 
f^ 58l What does Fig. 59 represent.? Explain it How is the rapodity 
of the current estimated ? What is the use of the instrument? 

Aar. I St* — What causes wares? \Vhat is sometimes done to remore 
this friction 7 

I AaT. ItSm — ^Vhat instruments aro used for raising liquids? 



; Aar. 1 96. — Where is the chain-pump used ? \Vhat figure ropresents itl 
I F^. CUl Eiplaia the figure. 

! Aar. IHT* — lilliat is said of the screw of Archimddes ? 
• F^> (1. E^t2a:n the u^e of the screw by Fig. Gl. 

Aar. 1 1^ — How are springs and rivulets formed ? 
I F«. e^ Explain Fig. 62. 

I Aar. It9« — ^How hljih will a spring rise? 



', l3Ck — How are fountains formed ? How high will the waterspout 
thrvsTjrh the docts ? What prevents the fluid from rising to the 
•aise he;j:ht uiih the reservoir ? 
' FV- ®» EvpJa-a the method of making artificial reservoirs by Fig. 63. 

A»T. 131* — ^What j*lhe ^pho;i7 

>\f. (4. What ixfv;re reprwonts a siphon? Explain it. In what man- 
1 tier i* th<» j::phoa used ? How can the siphon be used to show 

; the <s;i:;l.Snura of diiiJs * How high will the liquid rise in each 

I SN?** of the siphon ? >Miat is Tantalus' cop ? 

F^p. <^ U"hat JvV* F;j:. fx> represent ? Explain it 

.^T^ 13^* — How, and tor what purposes is water used as a mechanical 
AjC^nt ? How many kinds of water-wheels are there ? What 
are tho«' I 

\at» 133* — What is tJie ovorsliot wheel? Where does it receive its 

r^ fML Kxplain F.g. 6lx What causes the wheel to turn ? How does 
^» whe^ compare in power with the other water-wheels ? 

Aar l34*~^^')Mt is the undershot wheel ? Where does it receive its 

« 
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[£T Hov does this wheel diflfer from 




Hov is it set in motioii? 
-vbeW? Ezplain it To 
viieieli which have been de- 



rffliiTnninn'C 






ET. t<X? . — 'V:^ » '-^"^ <-^ 'TTX.ca w» br»i::be ! How &r does it extend 
jiAtTiv 3^ scT-^i^? iL ^3s- «ar:^ ! Does 3t p i HwiB pnpMties oom- 
•otiL T> ATxOfr z. rm^Sffn^ T Hrw does its specific gravity c(Hn- 
Tom -WIS. uia£ n -T-iJer' CVf w^ai two pciiicipal ingredients 
;ii» s^ 1^ rjiSflst r Wui X ih« propoftJoa of these parts to 
Mt:a JUter ' 
.ijf . l^SzsSk — '^ *Ksc .^er iuus ir? xi=3ec Visn^'ng to the dass of elas- 

Vt". IJ:*.— ii:i-J .a* iiT lai xisr ssi2ir fn'A weight? With what 
AiWrc ixiiCtf urn i)»i :u c..-ci:fZ)i Ji aeriban fluids? 

.%*•. I lksl» — Wiiit rsn jcacipul orrcwc^es ija ih* air * 

.\jur. 1 ^t.* — *A'*iia£ * '-Stf w?>4;ai j*:* a ec^im of air ooe inch square at 
UM MBtf« lac rrroca.^:^ rj ;ii'» z-o cc the atmosphere? Is the 
.«»»»u« ■stKtvsd rj^riaJT Ji A^ »Lr-cs:«c» ? 

.V».^, \% J%— *.V:i: s 3ttsoc by -^e -ixstcjij ot die air? How do the 
«(}A-%f:!i iuic:» i:m:r jritn. jumitf ! \^l&ea is the air said to be 
ro»~*?acu ' "'V'lT.'a ^^uoeosec * 1$ ihi* air near the surface of 

Vtr. I t i.— ^'-- -v v.trs .lii- 1^ SxTMxie a zxeciunical agent? 

Vi . t * ^ — "'^ ''i- «► 1 vivT'^jiri .* 

Vii- 11^ — ^V'li; jj X ba.-'.*iawc:*r • V^liot does the word barometer 
ai^i^i-i * W*ij; t» X ta-^natfnitfter ? What does the word ther- 
uKMiK'ivr yieui ' Wait » a hygrometer? What does the 



wv,s>i i^-^rvLTicivr zueoa,! 



y-. (KM. 



>\ 'la: !3^*^rv r*. ;jr*,*sv :ii* a ba::'.^m^:er * Explain its constmction. 
>\ ia: iic.^;i; c- uirf.-.'tiry is th- pressure of the atmosphere ca- 
poixo ot iOsiA :: :^ * Wait edK't has the pressure of the at- 
uioot^iert' ca ih.» :turvur%- iu txie tube? In what proportion 
Joc«i 111.* ine:ci»ry r so aui fall .* lu what way can barometers 
bv." uiaJo oi othtT rtuivU * Why is mercury used iu preference 
t»> uiiy v>titor du U * U ihe air heaviest in wet or dry weather? 
i>u whait lutuv'il***-* •* ^^*^ pressure of the atmosphere on the mer- 



QDE3TIOS8 FOB EXAMINATION. 

ciiry, in the cup of a baromtter, eiErledl WJiat falions from 
thisT For what oUisr purpose, beaidcB mDoaiiriiig lliD presaun 
of tha BlmoEphero, and forstelliug the vati&tlDiig of the weither, 

face of Iho earlh or upon a liUlT Whal is b thermomelBr' 
What ftguro roproseuta a Ihermometer T Explain its couM 
tiOD. What cSecl liavo hent ami cold on most aubstan 
What follows from (hist Whose scale is gsnBrally uaed in 
couQtry? For what la the hygnimolt>r used? Ofwlmlkind 
of BubstancDB maj- it be CDanlmctBdl What eiporimcnt ii 
pvou in the note to ehow tho ijuantity of moislnro rajaed from 
lh.it ground by the heat of the aua ? 



Fig. fl7. 



Fig, M. 





Akt: 149« — Is air impeneCrable, like other rabstances? How is thii 
ihowu r Upoa what principle is the cliving-bell constructed? 

F%. 71. ^Itai fi^re r«pmenti the diving-bell ? Why does not the 
water rise in the bell? ETplaiin the figure. 



Ait. I4T. — By what means is water raised in the cmnmon pomp? How 

is the pressure removed 1 

¥\^. 1% What fi:Ture re[^esents the common pamp ? Ejq>Iain it Which 
of th<» mechanical powers is the handle of the pomp? How 
hi;jrh can water be raised by the common pump ? Why t Why 
is the common pump sometimes called the lifting-pump 1 



AxT. 1 -i8« — Uow does the fi)rcing-pump dlSkr from the common pump? 
Fig. 73. What figure represents the forcing-pomp 7 Explain it. 



AiT. 149. — ^What is wind? In what two ways may the motion of the 
air be explained ? Explain the manner iu which the air is put 
in motion. How are the north, south, east, and west winds 
produced I 



Ajlt. 1<S0* — \Vhat is an air-pump? What is the vessel called from 
which the air is exhau>ted? On what principle are all air- 
pumps constructed ? Can a perfect vacuum ever be obtained? 

Pig. 74. Describe the air-pump represented by Pig. 74. 

Pig. 75. Describe Wightman's patent lever air-pump, represented by 
Pig. 75. 



Art. 151« — Experiments with the air-pump. 

Pig. 76. \Miat does Pig. 76 represent ? Explain the experiments that 
are made with them. 

Fig. 77. What does Pig. 77 represent? Explain the experiments made 
with it 



f 
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' Fig. JK2. Explain FI5. *J± 

AjBb l^t^ — L'puQ what in the ■dence of hmrmoiiy founded? How ■ 
the ciiurd ot an octaTO produced ? How is the chord of a 
filth pnMiuceti? How m a moucal chord prodaced? Ads- 
coni .* 

■ Abt. 1 «S tl. — Upon what doea the quality of the sound prodnced by itriiigB 
(jHp'ud .* U^MJu what does that produced by wind instmnients 
1 d(>p«*nii ! What srtrln^a produce the lowest tones? How may 

I uitfi*p*ut toneti be produced from the same string ? How may 

! diifervat tonea be produced from the sazne wind instrument? 

. .Vat. 1<MK — N^liat, in some degree, afiects the quality of the sound d 
I ail musical insrtrumcuts ? What efiect have heat and cold on 

I the matenals of which the instrument is made ? What follows 

I from this ! Why ore most musical instruments hi^er in tooAi 

I or sliaqwrf lu cold weather? 

! AftT. IHX • — ^Tlutjugli which is sound communicated more rapidly, and 
I with [greater power, through solid bodies, or the air? How fast 

is it conducted by water ? How fast by solids? What exam- 
pics are ^ven to show that sound is communicated more rap- 
idly through solid bodies than the air or fluids? 

I .Vet. ltt!2.— What is a stethescope? Of what does it consist? For 

' what i:i it used I 

' ^Vjit. It>3. — How fa!it does sound moTe? Does the force or direction of 
I llie wind make kuy difference in its velocity? WTiat advan- 

ta^o r>*yu!ts from this unifomi velocity of sound? Uow can 
the distance of a thander-clond be ascertained? 

Art lb I. — How- is uu echo produced? Wliy cannot an echo be heard 
at s<.*u. or 0:1 an exteo^ve plain? How must a person stand in 
ord^i 10 h-.MF an echo? Bv what law is sound communicated 
aud rtiioc :od .' What anecdote is related of Dionysius? Upon 
wliai phneij'Io are speaking-trumpets constrqcted? Explcun 
tho maimer iu which the vibrations of the aur are reflected. 
I'pon what principle are hearing-trumpets constructed? How 
far does tlie musical instrument, called the trumpet, act upon 
the principle of the speaking-trumpet ? Uow can the continued 
sounv!. jjiven by some shells, when held near the ear, be ex- 
plained * 

Art H»5. — Xy^n what principle may whispering-galleries be con- 
structed ? 

Aax 166.^1u what way can sounds be conveyed to a much gi eater 
distance than through the air ? What are the tubes, used to 
convey sounds, called? WTiy do the softer kinds of furniture 
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in a room affect the quality of the sound ? What general role 
18 given with regard to the reflection of sound? Is the air a 
better conductor when it is humid, or when it is dry ? Why 
can a sound be heard better in the night than in the day ? 

A&T. 167« — ^How is the sound of the human voice produced? How 
are the tones varied and regulated? Upon what does the 
management of the voice depend? What is ventriloquism? 
Was this art known to tlie ancients? What is supposed, by 
some authors, concerning the responses at Delphi, Ephesus, 
&c.? Is ventriloquism a natural gift, or an acquired one ? 

PYHONOMICS. 

Art. 168« — ^What is Pyronomics? What is said in regard to the na- 
ture of heat? Is it ponderable or imponderable? What ef- 
fect has heat upon bodies? What two forces continually act 
in opposition to each other ? In what can the effect of heat 
be seen ? How does it separate the particles ? What would 
be the effect were the heat removed ? Upon what has heat 
the most remarkable effect? How does it affect it? What 
effect has heat upon air ? How is rain produced ? What is 
stated with regard to heat ? Can the progress of heat be ar- 
rested? What is caloric ? In what two states does heat exist? 
What is free heat ? Give some examples of free heat What 
is latent heat ? Give some examples of latent heat How are 
the terms heat and cold generally used ? What illustration of 
this is given? 

Aet. 1G0« — ^What are the three principal effects of heat on bodies to 
which it is applied ? Give an example of each. What are the 
sources of heat ? 

AaT. 1 TO. — In what way does heat tend to diffuse itself? Why do bodies 
of the same absolute temperature appear to possess different de- 
grees of heat? What illustration of this is given? What ap- 
pears from this? 

Fi9 03. 
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^ V~iat 3UMS IBB flxBBBnCS JL ^IS ■ -Mi i u K 

■»£i Ltr stffl;uui^* 




17ft.« — -In ul iMt;u^ ratinir- 
V;;a. >*«tlrt ir» tus IBS 

1 •-•ii V ;ii:.xtiir a irat' ^*'xt 

:::i-i a "Sitf HOIS '«"t!i Ts^pxa. ii its smmuziiii^ powvr of 
oral ' 

IX ft* ^S^ioL 3wds» seaiM:: ±is juskT Vjnc '"wri i aoaoib tae. 

i(»tf ' "^17 lu nrr^iSL. indau 'VIbl TMimf sok' iaat ice. set* • 

1 7 1_ "^irtr «:!»'-:t a TincneRi m. aiL baois ^v^nr v^wauiy cam- 






1 W*ii"''«r»v>i'* TTTnacCM: auKiacr" 



I A«T. 17^. — »Vi.ir ^ tirt =CBC ccT>:»3f iii c-r?ct e^ict rf ii«a£ oa m 
bjirj: VViu azy.caii:a «' ruf -^.^.^^ it reUied in the 
uojt * W.vu J* «a ■* cc ih-t ec^c^ c{ h?at aiki coid oa g!aeB ! 
Wa*a h'X -s-i'-ftr a soii-^cJj pocrec ii:L> a cciJ giaas, wby will 
ta« 1^9 crkck ! W:;«3 oxd valer as applied to a heated 
i;!a«, why w.II the g!a« crack T 

AfiT. lTO« — Is th« «x;»&:uM>a caosed by heat in wcXA and liquid bo£e8 
th< s:un« i:i aJJ mbalancea ? How do aeriibrm fla;<b differ, in 
thiii r'T«pect, from sol.d and liquid bodies? Upon what does 
th*r *^xptiii*ioa of Bo'.id bodies in some degree depend ? Why 
ha« heat more pow^cr over gases and vapors ? 

Ait. 1 HO. — What effect has heat and cold upon the density of all sub* 
stances? What exception is there to this remark 7 Why are 
the vessels, containing water and other similar fluids, so often 
broken when the liquid freezes in them ? Why does ice float 
upon the water, instead of sinking in it ? What is stated in the 
note with regard to this property of water ? 
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r. 181. — Cim all bodioa b« raised to the aoaie temperotura by 

same quantitisa of beatl Wbal bodies retain their heat the 

longBfltl 
r. 182. — What becotnea of ttic heat which is thrown upon a bright 

or polished surface ? How do the angles of iDcidence and 

flection comparo with each olheil 
r. 183. — When ia water converted into sleam or voport 



-HOK 



imperal 



elasticity of steam increaaeil and diminished T 
ha amount of proEsure, which steam ex 



Vllh that liqi 
r. 18J. — By what i 

Upon what c 

depend? 
r. 186. — What la the great and peculiar properly of 

its mechanical agencies depend? 
p. I8T.— What ia the sleam-Bugine! 



n occupy than water T By 
By what impulse does tl 
1 to dosceud? What in 



r. 188. — How much larger space does Btt 
what mode is steam made lo act? 
piston rise? What causes the pisi 
proveraenl did Mr. Walt inlrodiico into the stoam-eugineJ 

. 93. What does Fig. 93 reprsscnt) What ato the principal parts? 
What does A represent? What does C represent ? Wlvatdoes 
B represent? What does K repreaeiiH By what 
led off from the cylinder? What does L ropressot? What 
doesO represent? What does M represent? What does N 
represent? What does It represent? W 
open, what becomes of the steam? When the valves F and Q 
are closed, Bud G aud P open, upon what does the st 
Whaldoesthooyliuderdraw with it in its descent? Which of 
the mechanical powers ia Ihia working-beam? What a: 
tached to thisworkiue-beani? What isthoirnso? Whi 
comeaof the ateani when tliestop.cocksG and P are cloeei 




aVESTiosa pox exASniATiox. 



F Mod 4 w oprn ? How ■• tbe ivgntai' and coatiDoed imitMa 
IMud-iM i d ? Tb vlul ■ llui motica of Ibe pMn canniMaia- 
tfd ? n~hu it t!w OF of tbe ur-pao^ M ! F«r what it IIm 
MfrtT-Ti^n & and? 

An. I9*.— Hov » titt pom cf ■ Meuii-eiipae eiFrened? WInt k 
aa rng^aF of 1(KI bone pmert 

A«i 1MI< — Wliat UT thp ftincipa] fonw is wfaidi Ilw ■teun-rofbii- ■ 
coaKraKfdT Hot da llirj diffu' &o(n vacfa otherl ^Vhal b^ 
«nK> cf thv itrAin mflrr luTia^ mored the poCOD in the eu»' 
coadm^o? ta::iDf3 T What kind of rn^nva ii gnwnlly uvd 
CO railraadt ? WJut bcconKS of ihe ***■"* aAtr JiaTiiig mmd 
Ihr isftan ia tbe caadenBn; ct^^inecT 

FilC.94 WhddoH rig.94irpr»KiI) What dot* A npment ! Wbat 
dot* B rrpTHHil 7 What doM C nprvacst T What doei S 
l»pi«nil! W"hal doos E ftpTTsrnt I What don F irpnwnl ' 
What iort ii G n-ptrwnt : What don I repmcnt ! What 
does K r^piTwai: IMial dan LL ivpreaeat! Whit 
M M rrpn-wo: ' What don N N tr-piwiit 7 What don 00 
npnofBl ? What ia sud of the gOTemor T 
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c t7i* ncacttsnu. 



■ens I. nisc'i: iamea.' I 

Tip lit.. I-z^jUiiL F:~ ;i*. li. TTia: uniwrj i iir wK tor ez* of :»? » 



ima^ iniT"':!*! OC nunnuP 



•i 



i 



I 



Ati- IW^- — "^HBi if t if-i-acoiif " Hnr nuanr lanir rf ttt^sNcis «re 

"R'nai k L refif^'juuj- it^jeficnpe ? Wr.T k liit ims|rp of sa cib- { 
TH^ci. »i«i: liiTon^: L Ttfracunf laleHBtw^ Icb dear end perfort 
tiiux. 'wiieL B*tei: tiircmrrji b. rBfiectincr tetleacnzK- ? Hov muiT 
i::im.- fif Tefrartin^ teieeccipeF u* tbtrp ? Wliat are tber ? 
How do tbFT djffisr tbe one from "fee oiber ? 

Tig. 119. Whst does Fig. 119 iBprBBcnt? Exphun the %im. 
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HT. 24 8« — Of what does the kaleideecope consist? From what is the 
word kaleidescope derived, and what does it mean 1 By whom 
was the instrument invented ? What is here said with regard 
to the kaleidescope ? In what way does Optics treat of light 7 
What is the thermal property of light 7 Are the thermal pn^- 
erties of the rays the same, or diflerent in each color of the 
prism 7 How do they difier 7 How do the chemical agencies 
differ? Do these powers exist in all light, or in solar light only 7 
Where is the greatest heating power found 7 Wliere the 
greatest chemical power 7 Where the greatest optical power 7 
In what are the chemical powers of light shown 7 Name the 
experiments and explain them. Explain the art of Photography, 
or Heliography. By what name is it now known 7 How else 
are the chemical effects of light seen? 



Fi^. 120. 




Fig. 121. 



< 



I 


p -^ 


^--^ 3 


i 


nr 


^>^L 


5 






j;,--js-ji_ 


L^^ • 




'0 F 


T 



B 



Fig. 122. 



lodifo.. 
Blue.... 
Green •• 
TeUow. 

Kcd.... 




_. -J- — -— 






V 












v^ . «-* 






V 



... 1 - » 



■:.-r "V".; i.i ;::. «:;:^':"s 






.... .... - -r— "' .J.!.- •• . - ' 1 '-■•.■ I'' A- \ • ' -■-■1»- 



\^\^ Sir. — ■"'::. -•» :■ * ■ r :; -•:■:: :i "Ji" rill.Hi' "^iV^i: > 

■ • • •, ■ - ■•• • t^ -.. -^ J.- ■..: -j^ • i^ *.L.''*i* ' ■ 

. . "^ ' ^ " . ' ' ' . 



aUESTIONS FOB EXAMINATION, 



eondnctor, receives the electric fluid 1 What followi when bo 
electiic is preeented to an electrified body ? What fallam 
when two surface*. oppamtBlj electiified, an united 7 



A»T. 258, — For what is the Leydpn jar used I 

Fig. 133. What does Fig. 133 repreaenl ? What ia a Lsyden jar T When 
b the Leydea jar said to be charged? Hew can the jar be dis- 
charged I Can an insulated jar be charged T 

Akt. 3S9, — Of what is anelectrical batteiy compoGedT How are the 
inner coatings of the jara coauected together? Hdh are the 
outer coatings couQocted) In what way is the battery charged J 

Abt. 2B0.— What ia the Joluted dachargcr! 

Fig. 124. What does Fig. 124 rcpreseut? Of what does it conaist ! 



Art. !I63> — In what way do metallic rods, with diarp points, attrac 

electric fluid 1 How can the electricity be made to pass ofl' 
silently t Upon what principle are liglitniug-rods constructed 
Wlieu ia electricity said to be communicated by induction T 

Abt. 2B3. — When ia electricity produced by transfer? 



Fig. 134, 



arssTKni? tol. hxaiukatiok. 



Klft^eMfitncffyflKigtad" Of wiul v the nnalgvin 
■■vJ h' w&l: utOL » tJK' ifiiw iimJiau e' nmde? Whan ■ 



IB' onrekuo. c l&< innrhnif. To mitat iniMt tt» chain be it- ' 
tBCtMt.' wttm, iiiiii Mecxncirr » xsqaimd ? To winl mist it 
tf ■n«ri».- muttu se^iaxTf' cMetncny iF iranted 7 What s &e 
ms fcTMOimes: toBammoc vntai t&e BiifLiiital machine ? l^Hiat 
tit- 'v-nr. rMVSncBfiier meax. ' Of wiuCL doee tL mxmetaiKS 
V^SkL. tr mi. eMtcxmacoiw- ? l^lui » tii« wKoad a- 
' Wb^ «^ iftf- umkl ' Wiui OBW this dioir ? THial 



^ «9i. Wb&. 4- tft' SSL*. ' Wna: v Hie BBraiti] 7 How mar tbf jar 



f Xft- mni:. W&a: i^ Xm teatxi " 



f-JfTkA. t^ iiif n&mnsa digrmiyer " TTha: k iiF 



Fv. T^w TTiia crt^ T«mp»*r.i? i" ' O" wha: cwsf fc ronsidtT What 

- »»*'-*wk;l'- :; «»;•:: ztr cE*tvTsa' flischarwKT'? TTha: jsefinct- 

«^ ♦» :.•:»- rT*fvi». U'ui: rixw!rtin*4iij- are s^wn bj means 

4b ur- xKfT^TKi. iiMrJui:?^' ' Bnir mas. xiir wihaawre he jdaced ? 

^*m aM|i «:i>er a: ainotoft. m- m&anuid ". 



i-^^%HC acnr thr 



Ba* aoT ther ir lip ^fibad? 



^ »^ Il^cvifeaifc Ibr ^«aS H&B^ 
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Fig. 130. 
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Fi^. 131. Explain the hydrogen p«tol. 

Fi^. 133. What does Fi^. 132 represent? 

Fif. 133. Explain Fig. 133. 

Explain ezperiment <aw. 

Fi|r. 134. Explain the second ejqicnment The third. 

Fig. 135. Explain the foorth ezperiment The fifth. The sixth. The 
seventh. What is lightning? What is thunder? How is 
the aorora borealis sapposed to be caosed ? How is the elec- 
tricity which a body manifests by being brought uear to an 
excited body, withoat receiving a spark from it, said to be 
acquired? When an insulated, but unelectrified coudactor, 
M brought near an insulated charged conductor, what is said 
with regard to the end near the excited conductor? What 
example is given to illustrate this? \Vhy are square rods 
better than round ones to conduct electricity silently to the 
ground, and thus protect buildings from lightning ? How far 
beyond the rod do lightniug-rods aflbrd protection? In what 
way are the most approved lightning-rods constructed ? What 
is remarked with regard to the terms negative and positive 1 
How can this be illustrated? Wliat is said with regard to 
the time the electric fluid occupies in its passage through its 
circuit? Wliat example is given to show that the fluid prefers 
the best conductors ? In what diflerent wa^^s does the electric 
fluid sometimes pass in thunder-storms? Why is it unsafe, 
during a tiiuuder-storm, to take shelter under a tree, or to hold 
in tlie hand any edjre-tools ? What position is the safest in a 
thunder-storm ? When is there no danger to be apprehended 
from the lightning? By whom were lightning-rods first pro- 
posed ? Who first discovered that thunder and lightning are 
the eflects of electricity ? 



GALVANISM, OR VOLTAIC ELECTRICITT. 

Art. 26T. — ^What is Galvanism? By whom and when was galvanism 
discovered ? What led to the discovery ? How is electricity 
generally produced ? How is galvanic electricity produced ? 
How does the motion of the galvanic fluid, excited by galvanic 
power, differ from that explained in the science of Electricity ? 
What bodies are most easily affected by the galvanic fluid ? 

Art. 268.— How is the galvanic fluid or influence excited? What il- 
lustrations of this are given ? 



Ait. SSS. — Into what am tlie CDnituctora of the gBJiania fluid dividedl 
What BubstnncoB ant perrsct conductors? What BUbetancoe 
are imiiecrect cuiiductorsl 

Aut. 2TO. — What ia upceasary iii order to produce galvuiiie action? 
Aht. 31 !■ — or wliut is llie aitii|iteiil galvanic circle compoeod } What 

proee™ is usually adopted for oblaJuiag grUvauic electricity? 
Fig. 13G. lUuslrate Uiis by Fig. 13G. Wlial effect will bo produced ir, 
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Fif . 144. Describe Gnnre*« battery. Which is the most powerful battery? 
ForwhatbitowdT 

Act. S7tf« — MThat efiecta may be produced by a spark from aYoltaic 
battery 7 What precantioa is taken in regard to the lines of 
the ctrciiit? 

Abt. 3IT6« — ^In bov many ways does the electricity produced by the gal- 
Taiiic or Toltaic battery differ from that obtained by the ordinary 
electrical machine t What is the first f What is here meant 
by intensity t How does the quantity of electricity obtained by 
gaWanic action compare with that obtained by the machine f 
To what may the action of the electrical machine be compared \ 
To what may the galvanic action be compared ■ What is the 
second way in which they differ t What is the ihird t What 
is said in the note with regard to the third circumstance in 
which the electricity obtained by the ordinary electrical ma* 
dkine differs from that produced by the galvanic battery? 
What u said of the effects of this continued current on the 
bodies subjected to its action t 

AsT. 8TT. — On what does the effect of the Toltaic pile on the body de- 
pend? What facts in conunon life does galvanism eiqdain? 
On what does the effects of galvanic action depend ? What are 
batteries constructed of large plates sometimes called? Why? 
Describe them. Upon what principle is the calorimotor con- 
structed ? Are galvanic batteries of value 7 

MAGNETISM AND ELECTRO -MAGNETISM. 

Aar. 27 Sm — Of what does Magnetism treat? How many kinds of mag- 
nets are there ? What are they ? What is the native magnet? 
\Vhat property does it possess? What is an artificial magnet? 
What magnet is preferred, for all purposes of accurate experi- 
ment ? How can an artificial magnet be made ? 

AaT. 2T9. — What is the first property of the magnet? Second? Third? 
Fourth? 

Aet. 280. — ^What is meant by the polarity of a magnet ? Where is the 
attractive power of a magnet the strongest? When will a 
magnet assume a position directed nearly north or south ? What 
is the north pole of the magnet ? What is the south pole ? In 
what ways can a magnet be supported so as to enable it to 
manifest its polarity ? 

Art. 281. — How do the same and different poles of a magnet affect 
eash other? What is said with regard to the attraction of 
magnets, whether native or artificial 7 What analogy is there 
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between the attractive and lepnlaTe powera of the diflbtent 
kindi of electricity, and the northern and mnithem polarities of 
the magnet I 

An% 983. — Can a magnet commnnlcaCe its properties la other bodiea T 
To what mitistances, only, CB.n these propeitiei be conveyed 1 
Of what mbBtancei are all natural and artificial magneto, as 
well as the bodiea on which they act, composed T llow can 
the powen of a magnet be incieased 1 WbuX ia a hoise-diDe 
magnet T How can it be made to BuBtoia a connderBble 
WNght I What ia this bar called T Honr does eott iron diSer 
fiom hardened iron, with respect to its acqmring and losing the 
magnetic power I 

AjtT. S83« — What effect ia produced when a magnet is broken or di- 
rtded? Why ia this s remu-kable circomBtance T 

Amu. 38f • — When doea the magnetic poiver of iron or steel wholly 
reride I In what particulara do magnetism and elaotricity re- 
asmUa each other ! What is the Erat ? What ia the eecondl 
What ia the thiidl What ia the fourth? 

Aart, ftSS. — What effect has heat on the power of the tDagnot? By 
what is the magnetic attraction diminishad T What effect has 
electricity on the pole* of a magnell What effsct has elec- 
tricity HiaietiiDeB on iron and steel 1 

AxT. 286i — What proportion do the effects produced by two m^neta, 
used together, bear to that of either, oBed alonal What is 
meant by the inclination or dipping of the magnet? 

Ajcr. 38T> — Does the magnet, when suspended, invariably point to the 
BDttb and south poinlsl What advantage has the science of 
magnetism rendered to commerce and navigation! Of what 
does the mariner's compass consist? To whom is the invention 
of the mariner's compass usually ascribed? How may Ihs 
value of this discovery be estimated 1 




; 3S8 avKsrio%3 foe ET^wryxr^: 



An. S88.— Whero are tb« 
povetfol? What 
it ii broo^ wifirimdy 
Buu!e7 Doe* tlie 

itwl bar lose may of ^ 




What m cud whh re^ud ts & 
iboald a li0cafr-«hoe magaet be kept? 

Aki:.S89«— OfwiiatdoaBecln>-3fafxietiHBtrBMt? Wkatiithedec 
the current 7 Wliat does the i.ieiM.« of ete Uiw imgnrtiHin 
ezpIainT What it the iDfia e ucg beCwtm t&e cmataiB m the 
KDgle and the oompoaad circlet 7 What ii it thoa^ caw 
magnetic attraction7 What diecoTcrf vaa made m the year 
1819 7 By whom 7 What further dJKovoj vaa made looa 
after, and by whom7 What doea this philnwudici maialaiaT 
How numy kinds of electricity are there7 Hov do the phe- 
nomena exhibited in these fire kinds of e fac.tAii.ity dfier 7 Can 
ma^etism be dereloped in steel not p te tkwrfy poasmsmg it! 
Where mast the steel be pl2u:ed 7 What pnpeity has the 
nniting wire 7 



Art. 300« — ^What are the principal facts in connexion with the science 
of electro-magnetism? What is the first 7 What is the sec- 
cud 7 ^Vliat is the third ? AVhat is the fourth 7 What is the 
fiftJi? What ia the sixth? AVliat is the seventh? Where 
have the bodies been supposed to be placed, in all tho efiects of 
electricity and galvanism that have hitherto been described? 
^Vhat is the eighth fact in connexion with the science of electio- 
lua^rnetisia? What is the ninth? What is the tenth? How 
cau tlie direction of the electric current be ascertained? 

Art. 20 1 • — If a magnet be freely suspended, and a current of electricity 
bo passed near it, what direction will it assume 7 What illus- 
tration of this is given? What second illustration is giveo? 
In what direction will the pole of the needle next to tho nega- 
tive end of the wire move, if the connecting wire be placed 
below the plane in which the needle moves, and parallel with 
it? What is said with regard to the attractions and repni- 
Bions? 

, Am< M9«— 'How may the two sides of an unmagnetized steel needle 
become endued with the north and south polarity? Under 
^li ciroumstances will it become permanently magnetic 7 



J 



acasTTOje f»:jji: Ki.«ir«ATto«- 



1 



can xmnrrumsm be eomtrnttiicuvftni t)t> irou amJ sfe9^? < 

WS»r WtUciL &OZ» thl9 hsiix^ b^ COOiCrjU Wiljbt SIMU* IMNk^C^MI^- 

that it taskj nam £re«tT T 



can the nninwtae aee^Si^ be HMMie to 4»yi9tX^ tfoixk il« 



Abt. leH^.— Wtiat ■ the electro-nuigiMtio lolttUom? WbM iUoitniUtm 
is given? 

Fig; 145. What does Fig. 145 reprveent T Explain the figure. How U 
the freedom of motion, which i« requircK) on tho wire, obtaiuedl 
How can the metallic contact which ia required be obtaiuedY 
If the poles of a battery be connected with the hurivontal ex- 
ternal wires, c Cf tliroujrhout, what direction will the current of 
electricity take? Round what pole will the niuveabla part of 
the wire rotate? Round what will the niugubtiu |M)le rotate? 

Fig. 146. What does Fig. 14G represent 7 Of what does it oousiMt ? 
How will the cylinders in each revolve, if, iuataad of a har^ 
magnet, a horse-shoe magnet be employed, with au apparatiMi 
on each pole similar to tliat which has now been described ? 



Fig. 145. 



Wig. i4fi. 
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Aet. 30G* — How may the magnetizing^ power of the connecting wini 
be increased? Is a angle circuit preferable to a stnight 
wire? 



Fig. 147. Explain Fig. 147. 



Art. 20 T« — ^What is a bar called that is temporarily magnetized ? How 
do yon ascertain the poles of an electro-magnet? 



Art. 398* — How have magnets of great power been formed? What 
weight was the magnet constructed by Professor Henry and 
Dr. Ten Eyek capable of supporting? 



Fig. 148. Explain the heliacal ring and Fig. 148 



Art. 299.— How are bars of the U form most readily magnetized? 



393 arETTios! fob exaxiitatioic. 

Ft- lA. r.ip,i.!i rj. lij. 

Ac=. > 00-— Kiy'ij the ci«etra-an{aMie tdegi'f't- 

Aarc »OI^^X »^M ijoa nngiwM iltfcHkllj treat I Hnr«i 

A>T- 30Sr— ^:lll:i: a th>?=iD-chettidt* ? To vlui ds ik b^ 

•u::^ it titctrctj uv llien ! niiat ■ nid af tb 
&-X: ;jw tmimii cScetnca] machinBl Wlul ia b: 
^In-rai ina tbe ^nnie appuatoaT Wbat ii ■ 

- - aotl 
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ASTRONOMY. 

Art. 303a — Of what does Astronomy treat 7 Wliat is said of the earth 7 
How is the earth known to be round ? Where in it situated 7 

Art. 304. — Of what does the solar system consist? What are the stars 
supposed to be 7 Do we see more by the aid of glasses than 
without? 

Art. 305. — How may the planets be distinguished from the stars 7 How 
are the planets distinguished from the fixed stars 7 What is 
the meaning of the word planet? Why are they called plan- 
ets? What are the fixed stars? What are the sun, moon, 
planets, and fixed stars supposed to be ? Why do they appear 
so small 7 What has been stated with regard to the attraction 
of portions of matter? Upon what force does this attraction 
depend 7 What follows from attraction being mutnal 7 What 
direction do bodies take when actuated by several forces? Is 
this true with regard to the heavenly bodies? What is the 
centre of the solar system? What is said of the revolatioo of 
the planets 7 

Art. 306. — ^What are the paths in which the planets move aroood the 
son called 7 Around what do the planets revolve 7 What m 
a year on each planet? How long is the year of the planei 
Mercury? How long is the planet Venus performing ber revo^ 
Intion around the sun 7 How long a the earth pedbfiniog ber 
levolntion around the sun 7 What is the length (4 the year om 
the planet Mercury? Venus? Earth? Mars? Vesta? Jm»t 
Ceres? Pallas? Jupiter? Saturn? Herxcbel? Neptfsne? 
Of what form are the orbhs of the planets? What is meaol 
by the mean distance? What planets are called infervor? 
Why 7 What planets are caBed superior? Why? What m 
the dtftance of the planet Mercury from the son? Yetamt 
Earth? 91ari7 Vesta? Jono? Ceres? Pallaa? JopOer? 
Saturn? Hetschel? Neptooe? Hare the ^lanetM zaj mt^ 
tion besides that around the son ? What ts the time in whiebt 
they tom vpcrn tbetr axe* called? What m the len^ &( & 
daijoaiheplznetMeremj7 Yenrnt Earth?. Mars? Testa? 
Jono? Ceres? Pallas? Japitet7 Sattcm? Hetsehei? 9e^ 
tone? 

Art, 307«— What is the &saneter of the Sns? 3Cereiiry? Veiu»? 
Earth? Mais? Vesta? Jimo? Ceres? Pallas? Jxxgitett 
Saturn? flerschel? The 3Co(»? 
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Kg. 151. What doM F15. 151 repre«.nt 7 What illiistratioa of the com- 
p;int;ve me aad djAance of the bodies of the solar sy^m is 
IHTrn ? What is necessary in order to imitate the moCions of 
the planets in the abore-mentioned ortiitB? 

Aar 308«— What is the ecliptic ? Why is it called the ecliptic? 

A&T. 300« — What is the zodiac? Why is it called the zodiac ? 

Akt. 310« — \Miat are the names of the twelre consteDatkMis? How 
many de^ees does each sign contain? 

Ajlt. 311 • — Are the orbits of the other planets in the same plane with 
that of the earth ? 

Fig. 153. AMiat does Pig. 152 represent? What are the nodes of aj 

planot ? 
Fig. 153. What does Fig. 153 represent? 

Aet. 3 1 2« — When is a planet said to be in any paiticolar constellation 1 

AjiT. 313« — \Miat do the perihelion and aphelion of a heavenly body I 
express ? \Mien is a body said to be in its perihelion T Whea I 
is a body said to be in its aphelion ? How much nearer is the ' 
earth to the son in its perihelion than in its aphelion? When 
is a planet said to be in its inferior conjnnctioo ? When is it 
said to be in its scqperior conjonction? When is it said to be in ; 
opposition ? 

AaT. 3 1 4. — \\'hat do the apogee and perigee of a heavenly body express ? 
When is a body said to be in its perigee? When is it said to 
be in its apogee ? 



Fig. 151. 




7 Mnr^ Tcnus SaHh, / \ 

""o^'o O O (J) 



Herschel 



995 a^CST 099 FOE kxamucatiox. 



SIS. — Li what 9^ a the perihefion of the plaziet Mercury? Te- 
B»* EarJi? Mars? Testa? Jnao? Ceres? Pallas? Ju- 
piter * S«tiZ2 ^ Georjimn Sidos 7 

S IS- — W.iat 39 said with re^vd to the axes of the planets in tlieir 
r-'v*:! it:oa orsiiad the scm 7 What does this incfi nation of thdr 
axes cxiae * 

Aaa. SIT. — ^"ut is sxd with repaid to the molkn of the hesrenly 
bocies* When do they bhw with die greatest Telocity? 
Wae a :s the^r motioa the sto n esi 7 



Ajtr. Siekr— Wiot ji Kepler* htwT 

Fi(. I>L nu:!cn:e tius by F^. 15>L Kipjafn, bj Fig: ISI, the reasoa 
wizj tue earth, or anj other heaTvnlj bodj, mores with a 
grruier <ie^7w oi Teiodty in its penhdioa than in its aphelion. 
Wbot oi ioid of the wMrinn of the heaTsnly boifies (rom peri- 
heiiaa to ^pceikxi ? What » their motioB fitom l^)heIioa to 
p«rIiei:oa T When is their veioeitj the greatest? How much 
joo^f is th** earth in perfixming the ^ihefion put of its ori)it 
th^-% the pechelioa part ? 

Asr. S IS. — Sow much nearer is the earth to tfte son in winter flian in 

summer* 



Akt. SSOu — What loilows from the inrfinafinn of the earth's axis, with 
r?rxri 10 iie dlrectioa of the son's rays? When is tibe heat al- 
wx-rs tL^ z^^iest'*. What is said of oUiqne rays? What is 
the r?js}a ilia: the heat is greater in summer than in winter? 

F^. 15a. Elaiitn:-* ta.2» by Fi^ 1ml How is the earth shoated with re- 
TiS'l : J its dlst.iace £rom the son in winter ? What illostration 
«?i ,'bil«^:ie an I perpeoiilcular rays is giren in the note ? Why 
i;s i: rr^agrL'.y ^>:i>r eariy in the maming and late in the after- 
noca thaa a: n-roa ! li\'hy is the heat the greatest at about 
thr-e o'clock ' What caoses the variety of climate in difiervnt 
oorts 01 the etirth ' Where docs the son always shine in a ver- 
ticjl dlrecL:a ' ^Vhat woald foQow were the axis of the earth 
perpezidlcalar to its orbit ! What causes the variety of the sea- 
sons, the d^-r^at I-s^^ of days and nights, Jtc? What is 
necessary in order to understand the illostration of the causes 
ot the seasons ' 
! Fg> 156. Explain F:^. 156. What are the poles ? Why is the circle I K 
called the tropic of Cancer? What is the meaning of the word 
trcpic T VThy e the circle L M called the tropic of Capricorn ? 
What are the tropics * What is the circle E F called ? What 
does it represent ? What is the circle G H called ? What does 
it represent ? — 



r__ 



F^ ISZ ^~iuc aw« F^ liT .wjtvmuA ! Fttia^ t^ fi^ve Exfbii, 
27 tif? i^prt. iM TTOT— «f 1^ casta ca ;^ lUt U Jom. ; 
VidC nil iiiT kac mp^ * T* v^ai put cf ^ earth ■ 
r BLT ' Ti -wiac ?trt b Jc si^ T To w*ai m iht kagth of 
^w cer XL TnooraHi * W^ra ae? tM ^xty like kaznt ! Wkr? 
WifOt. v<r t3»7lbefi(KiBCT ^^T* Ex;pAaJB. fey t^ figve, 
?» •oncaii uT ate «arcb ftt site ^e «f ScfCeober. On the 23d 
if I%nnmaec. 4>i ^e iSICk «f Murk. Wliat iishkivt ten 
*xifr ctiiatrv BB- ^^ co:^ r^wm id fen- tbe JAcfmitJMi of ^ 
fncu-'f tx» * Ix irsai prapae^xB a?e taesp chaasof * What 
» oji nf Z2tt LXtf fif Uif paasc Ji^cscrT Is is m^nwrd dat 
tb* ion. TiojKCiw x3£Os V* TfcHiafiwr ? Wbat kdhimiibr 
F;r :r:' Wi,.^ «» afO« poafi»r W^ata» tb^reaBcd* 
Wlj:± > iir» Tfoa: fCocKX ? Wkieh t^ aTffTnniral T What 

::lS«1«— ITuz if «aj£ «r tAe MS? Whoi if ite £aiMCer? Hoir 
iBK!i aw« £» czeuT sapkCaoe csDeed tbal cf tiie euth ? Hov 
joBtr » JC 2 pgg3arTi"ig: £> zmiii^iK asvcnd its axis? Hov 
bw tii» ':««£ Mnrrta-MC* Wkat &i Dn Hcfac&el sappoK 

il I^gst T At vhat time 




S92. — ^Wirtai TiiuKC if 3»ear«c ty t^e fca ! Wbv s it aridom wen ? 
W^u » sui £C 11? ^e■^ nf iijf pbiaee ! Hov modi greatn' is 
u*e Kcs itii ^ 34*rr=rr liii cq tie eaztii ! la viiat fonn 
ax» yniic *ij4C ia MercsTrT Hov caa Meirary be recog- 
x.rjvc ir^r ff^r '^ Ax ai:^ tzae does it £=oe;ir ? Hoar does 

?. S'iSm — Wii: p iji-.: i* a«LrMc 19 :J» eani ! When is Venos caSed 
tbf =i:r:-Ji^ ?Ci.' ' \Fi»« is i: call-ec the erealng^ siir ? How 
prjL:*r 2j» ibe l^zi aai heat at Veens than that at tbe 
i^ * Vl~i.i: rL=» aas gireaa bv xbe aacient po«-£s to Venas 
abea =>:c"l-z.^ Sir ! ^"aa::, a^ea erenlaj itar ? What is the 
grev&iMC iJ«c^::^? xi tdudi the pcaaets, Mercarr and Teni^ ever 
ajpear ^:.=: ij:* sz:: " Wha: u sneast by the tiaiiEct of these 
fuaaecs ! \\~:i2^ :$ sijd aC the different appearaaoes which 
Veaas pcvsv^is ! Why caa we noc see the planets and stars ia 
L^ie oaTt:=r>e ! 

KT 3 :2 f • — ^Wbat sCaaec is next to Veaos ? What is the form of the 
«anh T Hov mach lar^r is its eqaatofial £ame(er than its 
p««ar ! Hov cuiiy oooos has the earth ? What is the diame- ; 
tec ce the ouoa * What is its dislanoe from tibe earth ? What b j 
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the length of a day at the moon ? How long is it in performing 
its revolution around the earth 1 

RT. 32S» — What pheises does the earth, when viewed from the moon, 
exhibit ? How much larger does the earth appear than the 
moon? 

RT. 3 26. — What planet is next to the earth ? WTiat renders it con- 
spicuous ? What is supposed to cause this appearance ? How 
much more light and heat does the earth enjoy than Mars?^ 
When were the asteroids discovered ? By whom, and in what 
year was Vesta discovered ? What is the color of its light ? 
By whom and when was Juno discovered ? What is the color 
of its light ? When was Pallas discovered ? By whom ? What 
is said of its atmosphere? When and by whom was Ceres 
discovered ? What is its color ? What is said in tlie note with 
regard to these planets? 

RT. 321. — Which of the j)lanets is the largest? How much more light 
aud heat does the earth enjoy than Jupiter? How many 
moous has this planet? What is the distance of these moons 
from the planet ? In what time do they perform their revolu- 

Fig. 157. 




Mill irr5T-o?«5 roa examixatiov. 

aua» .^.'.::3^ '■^- ^.i^ct ' Hdv does the ne of tbeie xdoods' 
aarjiAT? t .z «_: . . .x=» " W^y has Japtter no Mnsible Tari- 
T^;■ - ^iM.^ ." vt:^ 3w XT? :j)e eclipse* of Japiier*! moons 1. 
!!.« -:-^ » — .: - -'•.'—■ ^ * LTMB :j:# «ca to the earth ? How" 
ii» lj> .'■r- 1 -a<~--: — ^t*- Hew iiM* Jupixer appear wheoi 
■ 'r«r'_ .l_-Ti^. 1 :e>i-r*cr.oe ' | 

A*r. JS*^ — li. w j-jB* >a::i:a *.-=7ar? Ji sae with the other planets?': 
TI.w • >x:--rz -jR-z^iaiec iroia rie other plaaets? What 
» >a— : - TT^ ~.:ir* H*. tr ziara longer are these rings in | 
yr:z^-_.i^ :.--r ?r«--.-. _::.':! -irrunii :ae piaaet than the planet is 
-: ^r r-:^.:^ j rrT-..;i:::z :- 3 isssT "Uliat is the breadth of' 
^-m: - :^ 'V'.ii « 5E-..i ?i ihe 3ar:ace of Saturn? How 
a*^ . ::.«,:i* :^ >i.ura ' rL:w zaav Saturn be known?: 
'■V". 1, > ss_^ - -iir ::r.v:2* :: Siiura' Wjt are thev not often 

Vir l:iS9* — Hv.v --.vs VrtL^^ -'■.»u:?aoe .a s=e writh the other planets?' 
'I'.w ..«:a> .::. ^'.i iz'-i I- it dL Craa:s comDare with that of ' 
■n-* r^-.: *3'. ^ -.i.:a t-js :nj Sani-t discovered? What 
uuxAv ;:i :- ^v- t ' :'.>"ar n::aar oiooos has Uraaos? Br 
'vn^ui ¥»•••? i:^. -3C«jv-rrc ' Kow or? their orhits situated, 
■*!Ln -r-^'i.-'i :v '.-^ A "-le y..iaet ' ^^'hat is said of their mo- 
'.iMii ' ''\ "'--1. i:"j<rar» :» be i ^aeral law cf satellites ? What '. 
uil'jw* .-••ui "ins v ;;^ —^.-1 vj ::ie appearances which the in- . 
.la^iiaiiLs JL '.n-i -jco-iiui."^' ■v:i:i'.-t» :a:i5t observe ' 

-Vjir. JJO»— Who :!5C«.v"r-c :::?? ;»lia«?c N *p:ua- * 

Viip. <U I- — ^V:i J, > .:•.' Titr^i.Jir -i" ".iitf 'V'jrxi c.'met ' To what class of 
ixA;:rr* > ■:•:> :i.:n.* ^.veii .' Of '.vii^: io these bodies appear to 
;ou5>is* " ^^ ": :: s ■.:io :iu:ajer n ■.-JiMeis ihothar? occasioually 
ij^K.-ar'fO ' ^^ ivi: i.><:*jv»?r:es '.i^iv- Ix-eii mace coaceraiu;; -^ <>^ 
■,iioui " ^V■l.:; s •A.' >fsu]t ' Wlidt :s l.ie fonn of the orbits of 
■joiiict» ' >V 'i.ii 2. <it.a ji -.fi»» ;ii'»i;ua ■-4* iTomecs when iu peri- 
iK-iiou * ^V 'uit J;a NVwiou calcul:i:e iiie velocity of the comet 
oi I'fcW lo lh:» .11 Ail loar ' F-T '.viiaL was this comet remarka- 
bio ' WIi.lL .s ^i.vi J." iho luaiiaous »ir»?OL:n of a comet as it 
ai>proaciK'i« a.ui ^-.'►■ues -win iht.» sua? What liid Newtoa, 
aiivi sutiio o^!kt .isi:-i::iomer*, ■.•oiisider the laJs of comets to be ? 
What is ^t.J a lao uote with rcijard to comets ? Who wore . 
tho lirsi x-ii.Miumii.Ts tiiat sucoesjsi'ally predicted the return of a : 
coiiioc * \V !iai s i-i .» iJcriodical time of Halley's comet ? Of ■ 
Bucke's ? Oi l>:ci:i > ' j 

ir. ;^;^:<.~luto how manv aia:r»''^"^^*^ ^^^ ^® ^^^^ classed? Of what 
maguitude are the lar^n^Jt * Of what are the smallest ? What 
aw teleiicoptc stars ? Why cannot the distance of the fixed 
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stars be determined ? To what is the differeuce in their appa- 
rent magnitudes supposed to be owing? Havo the stars any 
motion 7 



Art. 333* — What is the Galaxy? Of what is it supposed to consist? 
How did the ancients divide the stars ? What was the number 
of constellations among the ancients ? How many have been 
added by the modems ? How are the stars designated on the 
celestial globe? What is the situation of each constellation 
now ? Illustrate this. What is the cause of this difference ? 
Why do we not see the stars, and other heavenly bodies, in 
their true situation ? How can a star be seen in its true situa- 
tion? What is meant by the aberration of light? What is 
necessary to be taken into consideration, in determining the 
true place of the celestial bodies ? What effect has this prop- 
erty of the atmosphere on the length of the days ? 



Aet. 334* — ^What is the parallax of a heavenly body? 

Fig. 158. Explain Fig. 158. What appears from this? What allowance 
must also be made ? 



Aet. 33^* — Is tho moon a primary or secondary planet? How long 
is it in performing its revolution about the earth ? What is its 
distance from the earth? What is the most obvious fact in 
relation to the moon? How is this caused? What kind of a 
body is the moon ? By what light does it shine ? 



Fig. isa 
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